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ABSTRACT 

Physics and management are disciplines deeply 
implicated in the domination of the physical and social world. This 
book is the product of ethnographic fieldwork that studied physics 
and management programs as points of entry that give access to larger 
processes that constitute and reproduce disciplines and center around 
the incorporation of students into d i s c i p I i ne- s pec i f i c temporal and 
spatial organizations of knowledge. Chapter 1, "Knowledge in Space 
and Time,'* attempts to dismantle a network of assumptions about 
knowledge and learning. Chapter 2, "Producing Material Space-Time and 
Constructing Students in Physics,'* examines how the physics program 
zoned students' activities into a set of material and social spaces 
and compressed their time to foster the development of exclusive 
within- program social ties. Chapter 3, "Connect:;-.' Students To 
Practice: Mobilization in Physics," develops an count of 
problem-solving as a way of integrating students into the 
discipline s way of organizing the world through textual 
representations. Chapter 4, "Constructing and Isolating Academic 
Space in Management," shows how the management program fragmented 
academic space-time and organized it into distinct short-term units. 
Chapter 5, "Mobilizing Bodies for Management," shows how non-academic 
portions of the program created lines of connection between the 
program and the business world by mobilizing students in distinctive 
systems of material practice. Chapter 6, "Knowledge in Motion," is a 
reflective commentary on major themes of the book and a look beyond 
it. (Contains 167 references.) (JRH) 



Reproductions supplied by EDRS are the best that can be made 
from the original document. 



ERLC 



Ir— < 

loo 

Q 



U 8. 0€^ARTWISNT OF COUCATlON 
OtfK:« o( Educat»on«r R«M«rch aod tmprovem«nt 

EDUCATIONAL RESOURCES INFORMATION 
CENTER (ERIC) 

J&Thi$ <1oCum«nt h«s Men reproduced «s 
/ Tec«iv©<3 (rom the person Or orgeni/ation 
Ofiginaiing it 

n Minor Changes have been made to improve 
reproduction quality 

• Po»nt J 01 view o* opinton* stated in tnis dOCu 
ment do not necesurity represent oHiCial 
OERI position or polity 



•■PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) " 



lERlC 



BEST COPY AVAILABLE 
2 



Knowledge, Identity and School Life Series 



Editors: 



Professor Philip Wexler, Graduate School of Education and 
Human Development, University of Rochester, New York, 

NY 14627, USA and 
Professor Ivor Goodson, Faculty of Education, University of 

Western Ontario, Canada. 

Becoming Somebody : Toward a Social Psychology of School 
Phd,pv/exler v^nh the assistance of Warren Cnchlow, June Kern and 
Rebecca Martusetvicz 

Knowledge In Motion : Space, Time and Curriculum In Undergraduate 
Physics and Management 
jan Kcspor 



Knowledge, Identity and School Life Series: 2 



Knowledge in Motion: 

Space, Time and Curriculum in 
Undergraduate Physics and 
Management 



Jan Nespor 



The \h\\n\v\' Press 

(A nu'inlxT of iIk' Ta\i()r .S; l-'iaiui.s Clioiip) 
Loixlon • Washin.uion. IXc;. 



TIk- FjIhkt Press. { Jdhn Street. London \\'c:iN 2HT 

The Falnier Press. Taylor <S: Praneis Inc.. 1900 Fro.si Road. Suilv UU. 

Bn.siol. PA PXXr 



c Ian Nespor 



.1// ni>hts ?vscn'cJ .Vo /fan o/" //j/a- jnihlkcitum nuiy he reimnhtccd. 
stored in a rctncral system, or transmitted in ciny form or hy a?iy 
means. electro?iic. mechanical, photocofnuifi. recordinti or otherici.^e. 
inthoHt jK't mission in u ritin\i jhmi the Piihhsher 



A catalogue record for this book is available from the 
British Library- 



Lib rar\' of C:ongress C.ataloging- in- Publication Data are 
available on request 



ISBN 0 75C7 0270 1 Ciseii 
ISBN C75G7 0271 I Pap-r 

J.ukL't tk-iun C ar*tline XitluT 



In peset ii^ li' 1 2pi (. iaramorul In 

t M.ipliii lah IXpL'^eltt is I.Il! . lluiiu K< 'n.u 



rnntfd m dreaf /indini hy /?///t,'('.vv St/(V/tc /Vt'.w. iia^ifi,ii>f' 'hi' 
fiii/>i} uhhh ha^ a ifinl l>Ii udue t-n fimd iHijfer manufaK tnre 
ni t u than > r. lhc}cl<>n- duil fnv 



Contents 



Acknow Ic'dgnK-ni.s 
Imn KliRiion 

Chapter I Knowledge in Spacv and Time 

From InLliv itliial 'Lcarncr.s' lo Nci works ol 

Knowledge Ikiildcrs 
Networks and Aclor-Notworks 
Maioriai Productions of Spacc-Tinic 
Representational Productions of Space-Time 
Reconstructing tiie Aims of Hdiicational Studies 

ClIiajMer 1 Producing Material Sjxice-Tinie and Constructing 
Students in IMissics 
Standardizing Space 
Weeding Out Students 
Temporal and Spatial Houndaries 
Stnds CiroLips 

Panial Lind Failed l-.nrolments 

Connecting Students to Piactice Mobilization in 
IMiysics 

A C'hain ot Mobilizations 

Textbooks as Fducational Mobilizations of the 

1 )iscipline 
lairolling the W orld in Physics 
Textbooks as luigmes of histructioii 
Mobilizing the Tt*xtbook' Lectures 
Mobilizing the Lecture: Taking Notes 
Mobilizing the 'IVxtbook and the Leuure Not*. 

Homework Problems 
Mobilizations of the iMivsic al World within 
I )isc iplin.uA Sjxice 

(.oiistiucUiig and IsdLuing \tademu '>p.ue m 
Management 

\ariahle Points o| laitn 
(.ouiscs That Do Not (■onstitute a Netwoik 



Chapter ^ 



( haplei 1 



i 



(.\fHfCHfS 



SiulIlmUs Sliapii\vi tlic Clc)ui>c Scciueiuv <S^ 

KcpresciitLilioiiLil Production of '\cadcinic Sp.icv-TiiriC tS9 

I1ic Calculation ot" Academic C".oiniiK)ditics 9S 
Separating VX'orlds 

11 ic IUl^incss Cjamc W 

C:iy>c AnaKscs 102 

The Case as Allegory 10^ 

Chapter Mobilizing Bodies for Mai'iageineni 110 

Miinicr\" of Coipoiate Space 110 

A Stieet' Inside: Students in Public Spaces 1 10 

The Inter\iew as a l)isp[a\' Space 12* 

Cliapter 0 Knowledge in Motion 13 1 

Appendix 1: The I Mace of the .Ma)<M 13S 

Ai'jpendix 2- Making K/iowledge abont Know k'dge in Motion 1 *S 

KefereiHes l^b 

Index Hi^ 



8 

/ / 



Acknowledgments 



The licldwork for lliis Mudy was inado pos.sil^lo by a Spoiuvr Posklocloral 
Followsliip from ilic Naiional AoidoniN n[' FdiKaiioii. 'I lic argumoiils pivsoniod 
hciv d<J not nccossanl\- rcpivscni llu>.so of ilu' National .Uadcniy ot Hdikaiioii 
and opAliMscinoni is implied. 

I am dccjMy graiotul lo a number ol' people who have helped me with this 
jM-ojeet o\er ihe years Prior lo and during ihe iieldwork pericKl. l)t)Ug Foley 
and Ciideon Sjoberg gave me wise eounsel and moral support. Ian Wesibuiy 
encouraged and supponed my early aUempis lo write about the study. Later, 
as 1 was working on this book m\ writing group ot'Judy Haryl.ske, Li/ i^arber 
and jo\ee (naham helped mt tiy to straighten up the ideas that eventualU 
became the lir.st chapter. Jim Ciani.son read earlier versions ot' the fust chapter 
and the chajMers on physics and po.sed main helj^ful questions. Li/, barber 
gave a do e critical reading to drafts of the entire book L'inally. Philip W exler 
heljx'd me through some key linal revisions of the text. Ncine t)f these people 
IS responsible for the errors and problems that remain in the text. This book 
IS «.ledicaied to m\ mother 



Introduction 



rliis hook is ihc pKxluci of cllin()>»r:iphic ficldwork I did from .luiK', lo 
julv, IW" lU a liugi.* public univcisHy — il enrolled some 36,000 undcrgmUu- 
atcs in llic tall of 1986 — in ihe I'niled Suucs.' Pails of thai ficldwork have 
been assembled here." mixed up wiih uaees of some of ihe readin,u I've done, 
and shaped into a sloPv' about the university's under>»raduate physics and 
management programs/ 

I've written about those programs because they're areas where education 
and power come together in crucial ways. Physics and management are dis- 
ciplines deeply implicated in the domination of the physical and social worlds. 
The fact that both regulate membership and participation in their realms through 
educational requirements makes them prime areas Un exploring how students 
gel connected to core disciplines of modern society, and how the\- become 
pans of durable and extensive networks of power. 

To address these issues, I'll argue, it will be necessaiy to rethink what it 
means to learn' or have' knowledge. I will propose that we shift our tocus 
horn individual minds and groups in face-to-facc interaction, to questions ot 
how activities are organized acro.ss space and time, and how organizations ot 
space and time are produced in .social practice. 

1 will treat the plusics and management programs 1 studied no[ as exem- 
plar\- cases ot such programs, but as "points of entn' (Smith, 19H"^) that give 
us access lo the larger proces.ses that constitute and reproduce di.sciplines. 
Tho.se processes. 1 11 argue, center around the iiu\)rporation of students into 
discipline-specific temporal and .spatial organizations of knowledge. 

'Vo talk about knowledge' and 'learning' in .such terms I have patched 
together the theoretical language laid out in the first chapter. From p.sycho logical 
anthropology (e.g.. Lave, I take the notion of knowledge and learning 

as [Moducts ol .social activity rather than i.solated minds. Prom .social .studies ot 
sc ience U-g., Latour, IW) 1 borrow a way of talking about such knowledge- 
constitutive activities as organized by netwfirks spread acro.ss space and time. 
I'inallv, from geography U- g , Clregoiy, 199*) I take tools for understanding 
how such networks are organized, .stabilized, maintained, and integrated into 
laigt'i flows ol ciiliural and e( onomu action 

The result is not a complete or partuularK supple language, and I take 
iiukh c-omlon m Stuan Halls (199^) .suggestion that the only theon worth 
ha\ing IS ih.il whuh vou Ua\c lo fight oil. not that which you speak with 
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profound fluency' (p. 280. cf. Said. l^S.^). I iui\e tried not to sliift the Inirdcn 
of my Mru^gles and inailiculatcncss onto llio readers, hut .some may fmd tlie 
first chapter liard Tlio.se unacquainted with the ideas I am re\vf)rking 

may he hothered hy untamihar terms and assumptions woven througli the 
argument. Cither readers, those wiio ^//v familiar with some of the schools of 
llieoiy from wliich I borrow, may l)e l-xMhered by the wa\- I pick out concepts 
and ideas h-om w idel\ separated tlisciplines and re-siuipe tliem to ht my pur- 
poses: the wa\ I place others' ideas, place them in strange juxtapositions, use 
tiiem to address different questions than their authors imagined, and m) forth, 
hi (Ailler s ( H;S3» sen.se. the first chapter cleady qualifies as 'theorx '. 

■'rheor\ ' IS a genie because of the wa\- its works function . . Itol ex- 
ceed th< disci{')linaiy framework within w hich the\- would normall\- be 
evaluated and which would help to identify their .solid contributions 
to knowledge. To put it anothei' wa\'. what distinguishes the members 
of this genie is theii- :ibiliiy lo fund ion not as demonstrations w itiiin 
the parameters of a discipline but as redescriptions that challenge 
disci})linar\- boundaries (C.uller. 19S3. P- 9. qucned in GregtMA". 199 i. 
p 10) 

However. 1 do not intend that the chapter should he read a.s the tlieon' 
loi wiiKh the remaiiKler of the book funclion.s as illustration. The first chapter 
and lite four ihiil follow it are more like two ways of talking about the same 
issues lumiMng ahead in the argument 1 could .say that the hr.st chapter is more 
'mobile' than the second, theories are wa\"s of talking a'houi worlds that can 
lie mo\ ed about and u.sed in different situations for different purposes. Theoiy 
^.loes not subsume or <.*\plain emi^iricar work, it's simpK- a wav of mo\ ing it. 
or as L.iiour ( 19cSS) suggests, of connecting different networks of kiiowledge- 
w ( )rk 

Theories are newr found .ilone. just as in o|hmi counts" there are no 
Uo\er le.if intersections without freewa\s to connect and 
redirect. When a .series of locations has been mastered and )oined 
together in .i network, it is possible to mo\e hom one j^lace to an- 
other without noticing the work that links them together ();/e location 
seems j^otenlialK ' to contain all the others. I am haj'>j')\- lo call the 
largon used to gel b\ insitk* i1k*sc* networks ihcon '. .is long as u js 
uixieisiood that this is like the signj^osts .md labels that we use to find 
our icdv h(hh W'li.il we c.ill theon' is no more and no less leal 
tiiaii a suin\a\ map in the subwa\ (pp I^.s, 220) 

hiasmiK h .is the fusi UiajHei inircKliKes some of the teiminolog\ used in 
ilk' laiei <.hai^le!s \ou should iv.kI it first, just .is you might read a nup before 
gelling on a subw.iv iiain Hui the j^rogram desuipiions .ire not mere blow 
ups or det.iils ot mmuc total piUiiie c( nil. lined m the first ch.ijMei. Insic.id, the 
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ivtiuiinin^^ dKijMc'rs tocus on how the progranus siralially and icni[X)rally or- 
ganized tlic niaicrial praclicvs of ihcir sludcnt.s, and on how siudcnis in ilic 
progranrs began lo he engaged in discipline-linked praeiiees for producing 
spatial and temporal relations. 

At the core, iny argiinient i.s that learning is not an internal psychological 
process (so you won t .see ine Iiying to reconstruct the p.sychologies ot indi- 
vidual .students), but neither is ii a j^roduci of . ctivities in face-to-face interac- 
tion. The tir.si pan of this .stater-u.Mit is a familiar point, made in various ways 
In \'\gotskians, .students of situated learning', and others. It's the .second halt 
of the statement that may generate some initial confusion, for what I'm going 
to argue is that face-to-face" interaction in specific situations is ncrer just thai, 
and that instead what we think of as Interactions' and 'situations' are, as 
Ooreen Massev (1993) puts it, "aniculated moments in networks ot social re- 
lations and understandings' in which our experiences and understandings are 
aclualK- constructed on a far larger .scale than what we happen to define for 
that moment as ihe place it.self, whether that be a .street, a region or even a 
continent' ^pp. ()S-()C)). 

On the one hand social activity is now .siielched aero.ss va.st expan.ses ot 
space and time so that, for example, plusics students in different jxins of the 
I nited Stales engage in geneiali/.ed social relations with one another and with 
facuits- (defined, tor exanijMe, by a .standardi/ed curriculum and n)uted through 
dii.stant .sites by textbooks, te.sts, and .so foilh), and compete with one another 
lor jX)siti()ns in an academic network t{) which they all belong. This 
distanciation' of social action, as .'\nthon\ (uddens ( i9<Sl ) calls it, directs us lo 
look at the •tace-to-tace inleraUions" of students and faculty within a [xiniculai 
program, as accomjMished through panicipalion in networks of social relations 
that extend far be\ond the program. 

( )n the other hand, we can aNo talk, as Massey did, ol all the spalialU and 
lemporalK distant Hows of activity intersecting within a given setting. This is 
what David H r\e\ ( IW)) refers to as time-space comim'ssion : the aniculation 
ol globaf [^i< esse-s in "local' settings < making that veiy distinction problem- 
atic), the .sen.se in which [physicists from Berkeley are closer in space-lime to 
their colleagues in I'.urope than to migrant workers in the next county, or 
managers in New ^'o^k to their counteipaits in I'okyo than the j^oor in the 
'soiiiii Bronx 

\\ hat this boils down to is ihe idea that when we act we're simultaneously 
interacting with ihe jx-oj^le and things in the immediate environment cuul w 'wU 
j)eople .md things spalialK and temporally removed Irom us. but none the less 
piesenl in the situation in s(»me wa\ . To understand how aai\ity is connected 
to learning and knowledge we have to deal with hath threads of interaction 
This lecjuiies us to look closely at Ikav distant acti\it\ is transi^orted into and 
iiuule manliest m pailK ulai srtlings. and at how activities m //x'.sc settings aie 
connected to activities and sjxues elsewhere These are the tasks that ocuiin' 
most ol iii\ attention in the book, and il I have slighted other imi^oitanl issues 
il IS bei.iuse 1 have been o\erwhelmed with the (.omplexitv ol the issues 
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surrounding^ ihc' maUTiul organization of local educational .space-times and 
ihcir inebriation, through specifk representational technologies, with distant. 
spa(*e-liines of disciplinaiy practice. • 

Tiie liisl program I discuss is physics. Chapter 2 examines how the pro- 
gram zoned sludenfs* activities into a small set of material and social spaces 
and compressed their time to foster the development of exclusive, within- 
program .social ties. This produced a distinctive form of social organization 
organized ar(Xind the practice of problem-solving. Chai:)ter 3 develops an 
account of problem-solving as a way of iniegraiing students into the disci- 
pline's way of organizing the world through textual representations. I show 
how the different components of the physics curriculum (e.g., textbooks, lec- 
tures, study activities) were tied together through representational technologies, 
and how students learned to move" and organize them.selves within the textual 
systems of space and time constituted by those representational technologies. 

c:hapters -4 and S deal with a very different system for organizing people 
and practices and linking them wiih networks of power: the management 
prograiiK 1 highlight the contrasts between the two programs when I can, Init 
given the programmatic differences these chapters do not exactly parallel the 
chapters on physics. !n.stead. chapter ■{ shows how the management program 
Iragmented academic space-time and organized it into distinct, l:)()unded, shoii- 
lenn units. In sharp contrast to the physics program, which .strove to reorganize 
the world in lenns of the academic discipline, the management program creatt;d 
(oi al lea.sl reinforced) a sharp division between the .school world and the 
business world, in chapter S. however, I show how non-academic portions of 
the program ne\erthele.s.s created lines of connection between the program 
and the bu.sine.s.s world by inolMlizing' students in distinctive systems of malerial 
bodily practice. 

Hie final chapter is a reflective commentaiy on major themes of ihe book 
and a look beyond it. I am con.scious of the fad that since my fieldwork the 
proliferation of computer networks and on-line communications, especially in 
fields such as phy.sics and management, may have .suiisiantially altered tiie 
configurations of the space-lime networks 1 .studied. The representational tech- 
nologies I identify as mobilizing educational experience to fields of practice in 
the two disciplines may have changed radically. Any such changes, however, 
b\ making the distaiiciation and space-time coiiij-jre.ssion of the fields more 
manifest, make a .stronger case for the kind of analysis and theoretical lan- 
guage I am proj-xxsing here. I'his work is a beginning, an initial and incomplete 
eX[-)loration of a fluid lerrain 



Notes 

I In ihe cak'g(>r\ .sv.sieiii used in lla- uiiivcr.siiy s offuial Mati.stics, jkt ceiu of the 
.sliKlenl.s were w hite". 9 per tcni weie Ui.spanic '. S por cent were black', i pc* eein 
weie 'A.sian Auieiitaii'. ,iikI " per c eiil were foreign. In the unn ersiiy as a whole S \ 
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per cent of tlic Mudcnts were nuk\ 4() per ociit tciiialL*. In lUc iiianagcnioni program 
the male fcMiialc ratio was i l. hut in physics nu-n outnumbered women 9:1. 
I clidn l stLKh- the universit\ " a.s a \\ }u)le. nor did I ohser\ e' or pariieipaie in evcrv' 
facet of Luulergraduate physics and management education. .\h focus was primarily 
on the acadt-mic side t)f student experience (although academic" and social' lite 
often blurred). In the ponions of the fieldwork dealing with physics and manage- 
ment. I conducted SI taped interviews with students and faculty; observed many 
dozens of class sessions and study sessions; collected and analyzed course syl- 
lal)uses, catalogs. textb<H)ks. and students" classnotes; analyzed the transcripts of 
recent graduates in the fields; and hung out" with and talked informally with stu- 
dents t)utside the classroom. 

Hiere were 220 and 136 officially declared majors' in physics and management 
respectivelv. putting them in the ix)ttom third in size among undergraduate pro- 
grams (the largest had well o\er 1. ()()() majors) All of these numbers, however, are 
unreliable. There were, first of all. inconsistencies 1 could ne\ er acct)unt for (variances 
Mp to 10 per cent) across the enrolment and declared majors' data that I received 
from three sources: the registrar s office, the institutitmal research office, and the 
departments tlienisebes. Sec(nui. the number of managetiient majors is artificially 
low because the business school doesn't allow students lo declare' until their third 
years (though many decide earlier). Thus the physics number includes freshmen 
ilirougli to seniors, the management number only juniors and senit)rs. This inflates 
the numbers in physics, since freshmen and sophomores are systematically weeded - 
out. The pln sic.^ numbers also mislead by ct)mpressing into the senior' categor>' all 
students who have been in the pn^gram more than three years. Since only per 
cent of those who graduate from the program do so in four \ears this categor>- 
actualK- includes several different age eohorts. 
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Most /(ffnis of social thcoty hatv failed to take seriously enough fiot 
<)?ilv the teffiporality of social coficluct hut also its spatial attributes 
At first siiiht. uothni^ii seems more haual and uuiustnictire than to 
assert that social actirity occurs in time a?id space. But }ieither time 
nor space hare been i)iCi»porated into the center of social theoty. they 
are ordinarily treated more as euriroumoits' ni irhich social C()}i~ 
duct is enacted . rather than fas/ integral to its occurence (Cjidde?is. 
p 202: quoted ni .Su/V/. yO<S'5. /;. 120). 

My strategy in tiiis chapter will be to dismantle a network of assiiniptions 
a!>()ut knowledge' and iearning' by depicting educational practice and re- 
searcii as revolving around a .simple (Question: how is activity in one setting 
(Nuch as a classroom) related to activity in settings distant in space and time 
(oilier classrooms or workplaces)? I want to suggest that all our notions of 
learning. de\ elopment. teaching, curriculuni and reproduction can be read as 
answers to this tjuestion about space-time relations, yet all suppress considera- 
tions of .spatiality. At one extreme we ha\ e information processors and cogni- 
tive structures that roam unproblematically across space-time, at the other 
situated or distributed cognitions that don't move at all (and in between ideas 
that share the weaknesses of both). None of this will do. 1here are no disem- 
bodied heads about, but neither are there isolated social interactions or local- 
ized communities of practice. W e live in a global world system and no analysis 
(4 knowledge and learning will suffice that cannot take this into account: that 
my activity writing this and \-ours in reading it cannot be explicated without 
understanding how we re linked to one another, to those around us. to world 
economies and global flows of culture that shape and provide resources for 
^•veryday practice 

The tactic of this work is to foreground the production and organization 
ot space and tiiiR- and look at schooling as a weti of mo\ements spun from 
multiple flows of material resources and representations. The focus is under- 
graduate education in the fields of physics .md management The topic is the 
produ.ctioii o| attois ioi the spatial and tenijioral networks of power that we 
tall disciplines 

In this chapter I construct a langiia>',e for talking about how educational 
piograms define trajectories' through material spaces — buildings, chi'-srooms 

() 
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and lahoralorics — lo bring sUKlents into conlacl wilii repiVMMiiali(^as of oiIkt 
.spaces and limes — icxthooks. eciualions. lectures, lal) e<|iiipiiienl. and so on 
— that make th(^se absent* spaces present" in textual form. Il is in these 
(Mganix.alions of space and time that we w ill find the key to understanding 
h()sv students leanV in fields of knowledge* such as undergraduate physics 
and management. 

The substantive material of the book, then, focuses on students* academic 
encounters with the powerful disciplines they aspire to belong to. but the 
thread that ties the material together is the i.ssue of how education is accom- 
piisiied as a space-time process. The best place to begin addres.sing that issue 
is an arena from which space and time have usually been thoroughly ex- 
cluded: the -individual mind*, the processes of cognition and learning. 



From Individual learners' to Networks of 
Knowledge Builders 

Over the pa.M quaner of a centuiy learning* has commonly been conceived as 
a process taking place within individuals. People were said to gradualK" build 
up mtegraied capacities — composed of attitudes', rules*, schemata*, \iomain 
knowledge*, contextual modules*, or whatever — thai could be carried around, 
called up. and deployed as needed in specific contexts (LCHC. 19S2. p. (ni). 
Contexts themselves were u.sually concepiuali/ed in terms of deconlextuali/ed 
■problem.s- or ta.sks" (e.g.. Le.sgold. 19SH-. cf. Mc-Dermotl. IWO; Larkin. 198S. for 
physics; I.senberg. lOS"^. for management). Since the focus was u.sually on the 
individual s mental representations of the ta.sks. the effect, as Lave ( 1988) points 
out in her powerful crititjue of cognitive .science, was a reduction of the .social 
world to representations in individual minds. 

Thi.s focus on di.screte. independent individuals has been shared by ap- 
proaches as di.ssimilar as the social psyclu)logical accounts thai focused on 
individuals* attitudes and orientations iPein". X^ny Katchaclorian and Holi. 
198S). and the cognitiv e psychologies that formulated learning theoiy' in lenns 
of the internal architecture of the learner* (e.g.. Conspicuous in the ixisic 
equipment of the learner is a memory s\ stem of virtually unlimited capacity . . .* 
etc.. H.stes. 19S9. p. \1) In all of these approaches considerations of .space and 
lime were suppres.sed: the individuals* .studied were not situated in specific- 
.social-ht.storical fields of practice, and the ULsks* the individuals engaged in 
were considered as bounded, homogeneous events rather than intersec tions of 
multiple on-going activities.- 

To begin re-inserting space and lime into accounts oi' educational practice 
we ha\e l<» Icl go ( »1 the tiulividuaf and look f(^r unils ol analysis that can be 
spatially and temporally .situated. As Butler ( 19SH) and Kondo (l^^^o) argue, 
the i^reoccupatton with individuals' is grounded in a 'metaphy.sics of .sub- 
stance' that creates a rigid division between the -p.sychological' and the -.social*. 
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klenliiics arc, in iliis view, fixed, bounded entities containing some 
essence or substance ibal is expressed in distinctive attributes. Tliis 
conventional trope opposes the self as bounded essence, filled with 
real feelings and identity to a world' or to a society' wliicli is spa- 
tially and ontologically distinct from the self Ukiller, 1988). Indeed, 
the academic diviMC)n of labor reca pit u kites this distinction in its sepa- 
ration ot the disciplines, distinguishing psychology' from sociology" 
(Kondo, 1990, pp. 33-34). 

Gelling around tlie.se diclioioiiiies to a vision of actors as something more 
than mere sociological or p.sycliological entities (or some additive combination 
of the two) is enormously difficult. Consider work in the tradition of Vygolsky 
( 19"'8: 198()). where psychological proce.s.ses are .seen as inextricably linked to 
social activity. Newman (1990), for example, defmc ognition as a property 
not of individual .students but of the interactional jms' in which .students 
engage (cf also LC:hC, 1982; 1983; Moll, 1990; Newman, Griffin and Cole, 
1989; Wert.sch, 1985): 

\X hat is outside the head is ju.si as much a part of the cognitive .sy.siem 
as what is inside the head. . . . Tasks and understanding are ob.ser\ ed 
first in interaction before being internalized as an individuals 
capacity. . . Meaning is activcK' coastrucied in interaction (Newman. 
1990, p. 188). 

Instead oi mere carriers of mental sub.stances', people — at least at ceilaiii 
points of time — are viewed as components of .social-cognitive configurations. 
Instead of .solving externally impo.sed tasks and problems tliev activelv con- 
struct and resolve practical dilemmas. Their knowing' (although it ultimately 
takes the form of deconiextualized, internal' e.s.sences) is the /m^^///c/ of activi- 
ties coriiexiualized in space and time. 

Consider how these ideas might reshape the way we talk about know- 
ledge and learning- the wa\ I make meaning when I'm sitting in the local bar 
arguing with someone about knowledge is different from how I make it right 
now as I tii writing this. In the bar meaning is con.structed in conversation and 
il varies according to whom I'm talking, our level of .sobrietv and .so toilli. In 
my office I can consult books, articles, fie Id notes, i nt civic w iraascripts and 
earlier drafts of this text. The difference between what I know' in the two 
settings isn l in my ability to articulate .some head-knowledge that remains 
con.stant acro.ss .settings, nor do the books, people, or other eletnents of the 
contexts simply add to" .some knowledge that already exists in mv head 
Rather, in the two settings I'm pan of different cognitive sy.steiiis (I'm a ditfei- 
cut I ). My ■j)syeliologicar stale is integrally connected to, indeed is a product 
of. my 'sociai situation (which imludes inanimate tools' as well as oilier 
people). Finally, my experiences in each .selling alter me, ni\ individual niiiid. 
in some durable w ay (1 internali/e .soiiietliing ) that shapes future acti\ itv. 

17 



Knowledge in Spdcc cnid Time 

The pix)blcin with this appnxich is that it depicts the social distribution ot 
knowledge and cognitic^n' as a transiton* or intennediaiy stage on the route 
to internalized' — that is, despatialized and detemporalized — knowledge (cf. 
Lave and Wenger, 1991). In this sense, Vygotskian work moves cognition' 
back and tbilh from one side of the social-psychological divide to the other 
but fails to challenge the system of representation that creates the social and 
the psychological' as opposed categories in the first place/ More importantly, 
even on their own tenns, Vygotskian approaches succeed in integrating the 
social and the psychological onl\- by embracing an extremely narrow concep- 
tion of the social'. In practice they focus on face-to-face interactions taking 
place in small, circumscribed settings. Absent are considerations of social struc- 
tural or systemic properties, of interactions between people and things that are 
cfistaiit from one another. What makes this neglect so problematic is that 
social organization itself, at least since the development of the modern world 
system, has expanded beyond immediate, face-to- face interactions to link the 
activities of individuals wlio ma\ never be physically co- present or engaged in 
direct interaction with one another (Oiddens, 19S1 ). As Gregoiy ( 1988) puts it: 

Insofar as routinized social practices are recognizably the same over 
vary ing spans of time and space . . they tlcnv from and fold back into 
structural relations which reach beyoiid the here and now' to dehne 
interactions u ith {)thers who ciw cihsent in time or space. This is w hat 
society' came to mean after the eighteenth centur\-: the larger world 
stretching away from the human body and the human being (pp. 80- 
82; emphasis adiled). 

Making sense of know ledge practice as interaction' with others distant in 
tnne and space — a form of interaction per\asive in modern society — is ihe 
key problem I'm working with in this book. People don't pailicipate as indi- 
viduals' in pristine or local small-scale conurunities of practice' (Lave and 
Wenger. 1991 ), nor do they take on stable indentities' by becoming full par- 
tit, ipants' in such ctMumunilies. Such views ignore the fact that communities' 
aien l just situated in space and time, they are ways o\ /mnincing a>id ori>(in- 
izi}ii> space and time and setting up patterns of movement across space-time-, 
thev are networks o\' power. People don't simply move into these networks in 
an apprenticeship mode, they are dchned, enrolled and mol)ilized along par- 
ticular trajectories that move ihem ac ross places in a network and allow them 
to move other pans of the world into that network. A community*, if we still 
wanted to use the term, would have to be seen as composed of extremely 
heterogeneous and dispersed elements linked together in what, following Clallon 
(1986). 1 will call actor-networks' iluid and contested definitions of identities 
and alliances that are simultaneousK frameworks of power. 

I will discuss these iKMions in the next section, but here let me try to give 
you a sense of w hat I m talking about In reworking that account I gave above 
about my own cognitive system' Before. I was worried about whether I' had 
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t!ic same mind in llic office as in the bar. But where am 'I' right now?" Vou 
and I. as reader and \\ riter. are separated from eacli other in time and space, 
and move t(\^ether now only through the medium of this text. The text de- 
scribes people, places, and events — undergraduate pic^grams of education in 
physics and management — that are spatially and temporally distant from both 
(^f us. Our relationship to them is different, '^'ou were never in the .space-times 
of tiiese programs. I was. I nlike the faculty and students wlio lived through 
the programs, however. I intersected with them (^nly brief]) — on the trajec- 
toiy of a social science caieer — and now. instead of mo\'ing through them, 
I ///(^rtMhem across time and distance and into \-our field of \'ision. I mobilize 
compressed, stabilized representations of them — fieldnotes and inteiA'iew 
transcripts — and link them with other mobile representations ( the literature') 
to tbrmulate this e\en more compressed and mobile account, a book. Times 
and spaces long gone now appear before your eyes. Read the text and there 
they' are. Does the text 'describe theni'' It c/cY//es' them, constitutes ihcin (and 
me), not as fixed essences — the students or professors could cieate accounts 
to contest mine, or you could attack my technology for building and moving 
representations (my methodology) — but as the contestable and constrained 
stories' (Haraway. 1989) of a positioned subject' (Rosaldo. 1989). The fate of 
the stories is in the hands of others. 1'o mo\'e them I need access to technologies 
and organizational means for ciiculating representations (publishers, distribu- 
tors), and ultimately I need people like you to use my representations in your 
representations, in other times and spaces. To get access to these soils of 
things, to spread myself out o\ei' space-time. I need a disciplinaiy apparatus." 

The knowledge' in this example isn't the propert\' of a 'cogniti\e system" 
(wh.eiher conceived as intra- or inter-psychological in nature). Rather, to bor- 
row language from C^alloii (198()) and Latour (19S"'). it s the properly of a 
network that j^roduces space and lime by mobilizing and accumulating distant 
settings in central positions: not ju.st my own m()bilizations of the programs, 
Init the other mobilizations (the published theories and related studies in the 
literature) that 1 attach them to. the networks that connect us. and so torlh. '\s 
Latour ( 198"*) puts if 



What is called knowledge' cannot be defined without understanding 
w hat i>(inn}i^ knowledge means . . Know ledge' is not something 
that c ould be described by itself or by opposition t(^ ignorance' or to 
belief . but only b\' considering a whole cycle of accumulation, how 
to bring things back to a place for .someone to see it lor the first time 
so that others might be sent again to bring other things back. How- 
to be familiar w ith things, people and events, which are distant i 198"". 
p ^^n> 

Disciplines* such as plnsics and management are constituted by cycles of 
at c unuilation w ithin networks that organize flows of people and things through 
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sp:uv and timo. 1 will (real education in physio and mana^enient as similarly 
iK'ing network networkini^ piienoniena: as spaiializing and tcniporalizing ihc 
activity of Miidenis lo conned them to disciplinaiy practice. Learning' (in) a 
discipline isn't a mailer of transforming one's psychological niake-Lip (whether 
we see this as a function of developing internal equipment' or as the outcome 
of social acti\ ity). hislead, learning' should refer to changes in the spatial and 
temporal organization of the distributed actors networks that we're always 
pail of. It isn't, contiaiy to Vygotskian interpretations, that we move trom 
st)Cial to ' interna I i/.ed' knowing, from inter- to intra -psychological experiences: 
knowing is always distributed (Lave. 198S). Rather, we move through different 
spaiio-temp(^ral distributions of kncnving. Students enter into disciplinaiT prac- 
tices w hen they begin to move along trajectories that keep them within the 
narrow range of space-times and distributions that constitute the discipline: 
when they're pinsically mobilized through nctwoiks of physical .settings, 
and when they begin to coast ruct worlds tii rough di.scipline-ba.sed .sy. stems of 
re}')re.seniaiion. 

The effects of schooling depend on the sj)atia! and tcniporal' trajectories 
along which .students are moving before and after educational encounters. 
Disciplinaiy education depends on the .students moving along trajectories that 
keep them in contact with di.sciplinaiy networks. People need labs, note- 
books, computers. ec|ualions, and colleagues to be physicists'; suit.s, ollices, 
memoranda and organizations to be 'managers' (and the whole pathway that 
leatls j-jcople into configurations w ith these elements is the ke\- here, not mere 
jM).s.se.ssion of them J. Drop a student or a physicist or a manager on a deseHed 
island wiilioiil their tools antl colleagues and the c]ue.siions of what they 'know' 
and in what sense lhe\'\e learned' are rendered moot. Since learning and 
knowledge are not properties of individual actors we cannot speak ol .some- 
one having learned' differential etjuaiions or financial ratios unless they're 
moving along a irajeclon' that at least periotlicalK- re-as.sembles the disinbutetl 
or nel worked at lor in pi at l ice-relevant conf iguraiic )n.s. 



Networks and Actor-Net«vorks 

Let nie irv to clarify some k)\ the ideas jusi introduced Network' i-^ an ambigu- 
ous concept, but a basic tlefmition points to spatially tlispersed elements that 
have been linked together over time. The linkages connecting networked ele- 
nienls aie as impon<mt as the nature ol the elements themsehes. .A.s Latour 
( p)S"^) jv )ints out 

The wokI network indicates thai re-ouues aie toiuenliaied in a lew 
j)|;m»s — the knots and the nodes — which are connected with one 
anothei — ihc links and the mesh: these connections iranslorm the 
siaileied icsoukcs into a net <p. ISO) 



The conRMii of the nulvvorked elciiicnts and the structure of the ties con- 
neeling iheni are not fixed and sialic (cf. Powell, 1990; Perrucci and Poller, 
1989; W'ellnian, 1983). Networks expand, conlracl. and shift eonfigu ration over 
lime, and e\'en ihe most stable and jiredielahie of them are consianlly lieing 
reappn )prialed and redefined hy I he nature of the flows ilial animate them 
( jiisl as a driver's route — and what he or she transports -r- may var\' from day 
lo day ihiou^h a relati\'ei\ stable system of roadwaxs). I'nderstandin^ those 
flows, ho\\e\ei', isn't just a matlei' of understanding indiN'idual' tra)ectories (a 
p;irticular Llriver's needs or desires or skills), but of understanding the ongoii.g 
social acli\ ities that enmesh the entire network (the ,social and economic forces 
lli;il shape a society of drivers). 

W hat I'm insisting on is that we push our analysis of the distriiuited actors 
we sUilIn' — the links and mesh of the networks we trace — tiirther ixick and 
out in sp;ice and time from oui- point of entn ': further, certainly, than I'm able 
to manage in later chapteis. No psychology' of 'learning' will be acceptable 
lh:it isn't also a political economy of knowledge. 

Before sketching the outlines {A' such a fiamework. however, I want to 
consider briefly a coi^iipelling ulternative to the 'network' orientation. Lave and 
Wenger's ( 1991) conception of learning as legitimate peiipheial performance 
in 'communities oi practice'. 

There is much to admire in ihis woik: it rejects the preoccupation with 
'internali/alion' that plagues X'ygot.skian a jip roaches, and instead focuses on 
learning as a fucet of .social practice, as pai1 of a process of accjuii'ing an 
identity in ;i community of practitioners. The problem is that these (human) 
^.omiii unities ;iie treatCLl as boimdcLl, strictly local settings seemingly uncon- 
nected and unconneclabU* to othei" spaces an^l times. People move in or out 
of I.a\"e and W enger's circumscribed version of the social workl' in tenns of 
p;tiiicip;tlion (although no attention is gi\ en to the trajectories that bring jieople 
lo the pei ipheiies of particulai- communities in the fust jilace), but the (.|uestion 
of how such communities aie .structured, mainUiined and connecteLl to one 
another at ioss s(xice ancl time cannot be asked within the assumptions of the 
framework In a sense, in s(Mte of lejecting many of the core assumptions ol 
tniditional psychologies. Lave ;ind W'enger remain locked into the slaudlxnut 
of j')sychology — the focus on the "inLliNiLlual' (not necessarily a person, but 
a bounded, local entity) developing through tlie peculiar, despatializecl time of 
jrsxchology W here their focus is on imderstanLling how one gets to be at 
home on isolated islands of practice, mine is on mo\ement through the dense 
strands of practices that hokl together workls of knowledge 

What I am searching for is a \\ ;iy of talking about how peojile mo\'e into 
(become enmeshed in) fields of pr;ictice unLlerstood as oigani/ations of ancl 
\\;i\s ol producing activities, spaces. ;md times C'allon's ( 19S(); 198"^) 'actor- 
netwoik" lhe( n\ is the jMiman' ix'st )ui( e 1 (.liaw ^ )n Atlor-netw ork theoiA ivjrti.ix s 
a(tivit\ in teiius of tlu' effoits of an e\jMicitl\- Llistiibuted ;uk1 sixiliali/ed nt't- 
work of entities whose linkages to one anotlR'r are ongoing atcomplishments- 
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The actor-network is reducible neither lo an actor alone nor lo a 
network. Like networks it is composed of a series of heterogenecuis 
eleir.ents, animate and inanimate, that have been Hnked to one an- 
other for a certain period of lime. . . . Bui ihe acior-nelwork should 
not, on the other hand, be confused with a network linking in some 
predictable fashion elements that are perfectly \^ell defined and .stable, 
for the entities it is compo.sed of, whether natural or .social, could at 
any moment redefine their identity and mutual relationships in some 
new way and bring new elements into the network. An actor-network 
is simultane(^usl\ an actor whose activity is networking helerogen- 
e(His elements and a network that is able to redefine and transform 
what il is made of (19H7, p. 93)- 

The principal \'iilue of this fnimework is that it allows us to look at 
identity and practice as functions of ongoing interactions with di.stanl elements 
(animaie and inanimale) of networks that have been moblized along inler.seci- 
mg trajectories. Lave and VC'enger ( 1991 ) pro\'ide a foil again: their masking of 
the wider social wc)rld makes problematic their ecjuation of learning' wiih 
accjuiring an ideniity' u iihin a comnumity. Identities cn'.slallize in the lensions 
and pressures j")roduced as different commimities or acior -networks clash. Iden- 
tities are shilling, conie.sted slakes of networking praciices ihat .seek to pro- 
duce c)r inainiain a certain configuration of social space by excluding or 
restricting some people and things from pailicipaiion while recruiiing and 
recon.siructing others to fit into the nelwork. 

(Gallon (198"^) provit^les a useful lerminology (albeit an awkward one in 
Ilnglish) for describing how identities and allianees are forged ihrough the .self- 
consiitLitive activities of actor-networks. Actor-networks such as |')hysics and 
management ( disciplines* for short) constitute themselves in part through 
educational practices that shape and sort would-be jiarticipants and organize 
iheir partici|'>alion in di.sciplinaiy productions of space and time. C^lallon ( 19tS()) 
suggests that there are four inoments' — n<n secjuential stages of the process 
but overlapj'^ing aspects of the strategies and tactics of network builders — of 
this nelW{)rking |")rocess: pmhlematizatiinK iniercssenie>ii. enrolniefiL and 
nmhilization 

Problemati/.ation refers to the ways network builders <for purposes of 
exposition, the physics' and 'management' programs, although who's building 
what network is a (.juestion explored in the WxW of the text) define allowable 
i(.lentities and interests for people such as students (or for other aclors such as 
organi/iUions. etc.). The imW appropriate id''ntity for a student in the physics 
program, tor example, was that of physicist -in- the-making' en route to a ca- 
reer in resejreh The pr(^gram had di'fined itst*lf as ,m 'obligatoiA- passage 
point along this ira)ectoi\ — a space-time intersection that suuk-nts had to 
move ihroiigli to accomplish the defined identities and interests (C'.allon. I9s(i. 
pp. 20 I, 2()()). 
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Pi( )l )lL-iiiali/.ali< )n isn l uiipi()bl(.'iiiatk . howcwM". SuiLlcni.s 1ki\ l* to he tlc- 
lachcd tiom llic iK'tworks lo wlii.h llicy alivaJy l)cloiig aiul witliiii whicli ihcir 
itlt'iitilics liavc l)LVti tlcfiiuxl. aiul iI^lmv aiv oiIkt acl()r-iicl\vt)rks in ihc Liniwi- 
siiv .senility hii.sy iniiig lo iini-jo.sL* tlittViL'ni idciiiiiics. Imcrcsscincni ivicrs U) 
{he strategics network IniildLMs use to impose and sial)ili/.e tlie identity of the 
otlier aetors it defines thi'OLigli its j)rol-)!eniati/.ation' (Ciallon. \[)>>i\ p 2(r). and 
the key to tlii.s pioeess is tlie ereation of Ixiiriers that can Ix* j)laeed between 
the entities Ix'in.u networked and all other entities who want to define tiieir 
identities otiierwise" (Callon. 19S(), p. 2nS). These ean he material barriers 
(prison walls), material or^imi/ations of sj)aee and time that restriet eontaet 
witli outsKlers (as in tlK' j")hyMes j^rograin), dist.ursive barriers (the imposition 
of ifKoinmensLirahle \\a\ s of t alei^ori/.ini^ or elassifying the workl), or barriers 
eonstiiuted tluoiigh t.lifferenees of taste, style and language 

As such interessL'ments sikxeed in fixing identities aiul memb<.'rshij^s, 
enrolment interrelates those roles an^l fashions the identities into systems ol 
allianees InteressLMiient and enrolment are two sidles of a eoin: '1o describe 
^.'nroiments is thus to cleseribe the grou[") of multilateral negotiations, trials ot 
strength aiKl tritks that aeeompany thu interessements and enable them to 
sueeeed' ((.iallon. bXSd. p. ill). Thus the ph\si(.> and management j^rograms 
weren't just setting up Ixuriers to prevent their stuclents hom being eaj^lLired" 
b\ otln^'r aetor-networks, the\' were also weaving students into the aetor- 
network bv attaehing them to ea<.h other aiul to paili^-iilar material spa(.es and 
j'>rattiees of rej'nesentation. 1'he eiul results were diseij')linai'\" LonstriK/tions (»j 
the stut.lent The ([uestion then is how these (.onst met ions were <."onne<.t<.xl to 
the still -distant spat.e-time orders of (.liseij^linaiy j^raetiee. 

Callon s answer is what he calls mobili/.ation the methods used to stabil- 
ize the enrolled eoalitior.s in wa\s that 'ensure that supj^osed spokesmen lor 
\arious relev ant colleetiv ities w ere j')roperly able t{) represent those eolleetivilies 
and not be betrayed by the latter' (Callon, bW(). j) 196). As Latour ( 19S"") puts 
it. this means tluit it must be possible lor whatever is being enrolled to be 'first 
disj)Lued and then reassembled at a eeiiain j^laee at a j^artieular time. 'I'his 
nioi)iii/ation or eoneentration has a definite physical reality w hicli is niaterial- 
i/ed through a series ol disj^laeements' t pj^ iKi-P) Techniciues ean range 
h'oin mobilization in the llesh — assembling strikers for a iviass ralK", tor 
example, or translating stuclents into mobile praelilioners of a diseij^line — to 
the rej-)iesL'ntation ot jMeviousI dispersed entities in stable, mobile, and eom- 
hinable lornis (textual or elec tionic" ). 

1 will use this c'oiuept ot mobilization <juite a bit, but with some c|ualifi 
( .itK His The (Gallon and Latour aeeount < A nu )bilization is pieoceupied w ith the 
question ot how. a(. tors ai the centei ot a netw oi king entitv mobilize the people 
.md things the\- are enrolling It ignores the j^ersjx'etis es of those at the margins 
<Sih\\aitz ( owaii. I'^s'"). and snue much ot what it means to be a student 
in\ol\es /^(7//i^' uinlnlizcil, it is hard to tormulate (|uestions about c\lu( ation 
within the tiamewoik Indeed, while l.atoui lelentlessly treats seientilic - 
tue as a ( ()}i\{nfL lion, he takes the piat titionei . the seientisi. as a given 
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Antl lluTL* IS an even more Iximc j'Jroblciu wiili an cxchisiwly ccnlrr- 
ouiwaal toe LIS. V\o\\\ ihc (. cnici" ot" an intersection tilings seem to coiue tVoni 
every tliieeiif )n, eveiytltinti is tlow: From a clistanee, ho\\e\er, stable dix isions 
aiul routes beeonie \ isible. Adopting the //(Y//'o;vC'(VX eenter-based peispeetixe 
l")rodLiees a neglect ol issues sLich as class and gender domination. an<.l tlie 
reprotluction and maintenance ot i')o\\er stiLictures (ot" which my focus, the 
/;/-oi//R7/o;/ ot"disciplinar\- pnictitioners, is a pail>. One result, as Donna Hara\\a\' 
( b^^^J) notes, is that in Latour's work enduring cleaxages in the soc ial order are 
Ignored'. (Uiy consideration of matters like masculiiU' supremacy or racism or 
imperialism « )i class stmctmes are inadmissible' (p. It would tx' a mistake 

to emphasi/e the tkiidity ot tlie world without ntUing that it tlows at times in 
veiy deeply worn clianneN" I will tr\ to fh the actor-network" language, then, 
with a more general geographi(.a! cont^eption of knowledge construction that 
allows for the existence ot worn landscapes as well as tlows. 

To maintain this geographical interpretation and use it to look at discipli- 
nai-> progianis 1 11 make a distinction. bL'tween luateriar aixl ■iej')iest.'nlationLir 
productions ot space-time'' This terminolc)gy is awkward ■ — representations 
(books, pictures, etc.). Lifter all, aie always material (Williams, b^^^) and ma- 
terial structures alwa\s ha\e semiotit.- pioj'Jerties — but it distinguishes be- 
tween construct ions of space ant.! time that are relatixely immobile (e.g.. a 
building) and those tluit are more mobile (a textbook oi" a l")ody). .\lateri<il 
I'lnKluctions of space-time, 1 will aigue. played a key role in enrolling students 
into the disciplines, while rej'jresentational j^roductions ot space-time were 
essential to the mobili/ation of j'jractite and j'Jiactitioners (although u was just 
the students who were being mobilized — both textually and physically — 
they thein.seUes were also !')eginning to pailicipate in practices of constituting 
and mobilizing the world distinctive to the paniculai disciplines). 1 will sketch 
out how 1 would like to use lliese ttMiiis in the next two sections 



Material Productions of Space -Time 

No one should ha\e diflicult\ with the idea that all actixity has a spatial and 
lemj'^oral organization tiiat it's sj')reatl across sj-tecific j'jhysical regions and has 
a duration, a [\ice, a rhythm. W hat may be ditlicult is abandoning the physiealisi* 
notion that sj\ite is mereK a natuuir container ol activity, and in.stead accept- 
ing the idea that sjxice is socially produced and contested .-Vs l.efebxre ( b^M ) 
I'JUts it; 

< ^1 K ial ) spac e is .1 ( s( )t iai ) |M( )du( t ^j'^.ue thus pn )du( I'd .ils( > ser\"es 
as a tool ol thought and ol attioii. . in atldition to being a means ol 
j")rochKtion It IS also a means of control, and heiue of domination, ol 
|")owc*r. yet . as siuh, it escaju's m part Ironi those who would make 

Use' ( )f It ( J(^ ) 

■ 
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*riic point iMi l siiiipK tliiit portions ot" the cn\ ii()niiient aic Iniill", or thiil 
nialcnal spiucs shape and constrain on^i^oing practice, it is that spaces and 
times themselves are produced and constituted through activity. Settings are 
always practiced', as de ('ertcaii ( 198-1, p. 98) [')uts it-, appropriated, lewoi ked. 
and given meaning h\ those acting in iheni and on them. People fashion and 
relashion the temporal and spatial hoiindaries that define an aclivit\\ who 
belongs with whom engaging in it, and where and w hen it can happen. Far 
from pre-ordained configurations of n^iture'. settings and hc)undaries are prod- 
ucts and objects of soeial struggle.'" 

H\en if we insist on retaining a conception of naturaT or strictly physical' 
space outside human agency, in the practical world such space is disappear- 
ing (Lefelnre. 1991. p. 30): 

The initial basis or foundation of social space is nature — natural or 
plivsical space. I pon this basis aie superimposed — in ways that 
transform, supplant or e\en ihieaten to destroy it — success i\'e strati- 
fied and tangled networks which, though alwa\'s mateiial in form, 
neveitheless ha\e an existence beyond theii- materiality: paths, roads, 
railwavs. telephone links, and so on. . . . Hach network or setjuence of 
links — and thus each space — serves exchanges and use in spi cific 
ways. H.ich is produced — and .senes a purpose (pp. 102— *(H)." 

Networks oigani/e physical space as they |')roduce and con'Uitute tlic 
matei ial sj^aces of social pracuce: buildings, offices, tacloi ies, and the channels 
of communication and transportation that move through and across settings. 
Hut practice" it.self is not reducible to the observ able activities of individuals 
in such local sellings. I^ractice is disirihiited acro.ss the spaces and limes it 
produces so ihal '.social inteiacrions\ settings', and events", are intersections 
()l irajet toiies that lie togelher distant limes and spaces and give them form as 
social space. Managers in their offices interact (literally, not metaphorically), 
with countless otheis they ne' er see or become aware of as indi\'iduals Phys- 
ics siLidentv solving problems in groups late at night did not just interact w ith 
one another, but with their professors (who were safely in bed at home), their 
textbook authors (oblivious to the students' existence), and the practicing 
physicists scattered across the world wlu>.se works wcie reduced and simpli- 
fied into the textbooks. This is the nature of 'interaction" in a world shaped by 
disciplines, networks and multi-national organizations; where tace-K^-face" in- 
tcraclions mv no longer .strictly local e\ents: 

()iue we stall bt'iiig (.I'luerned with the wa\" encounters are carried 
on b\ iheir pailK ij^ating acKHs. It becomes tU'ar that — e\en it it is 
plainly bracketed, iemporali\ and spatially — no .strip of interaction 
c<in be Linderstootl on its own. tiie forming and reforming of en- 
tounters necessariK occuis across bioader tracts ot space than that 
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imolvccl in iiiinicdialo tonlexls of faco-to-lacc inicraciion (Cjiddcii.s, 
19cSS, p. 292) 

Togclhcr. ilic networks llial hiiur (Ciiddcns, 19cSl) hu>^o expanses of 
plivMtai .spacc-iinie and die praeliees of aeiors moving lli.ou^^li nelworked 
sellings creale whal Soja (1989) calls a soeio-spaiial dialee'.ic'. This refers on 
liie one hand lo the physical and nialerial tlows. transfers, and inieraelions 
lhai occur in and aci'oss" ilK)se sellings and enihed iheni in networks slrelching 
across space and lime (Har\ey, 19(S9. \). 21H). On ihe olher hand ihe sellings 
liieniselves are llie products of. i.e. lhe\' ait constiluied by, the mo\ements of 
people* and things. In Soja's (19.S9) v\-ords: 

Soeial life must he seen as both sp a ce-fo lining and space-contingent, 
a jModiicei and a [')roduct i)f spatialiU'. The two-way relationship defines 
— or perhaj*)s. redefines — a soeio-spaiial dialectic which is simulian- 
eously part of a spatio-temporal dialectic, a lense and contradiction- 
filled inteiplaN' between the social pr()duciion of geograpliN" and history- 
(p. 129).'- 

Disciplinaiy power, in these terms, is about the production of space- 
contingent social life at the expense of space-forming soeial practice — about 
the stabili/ation of a disciplinan- spaiialilN' and the roulini/alion of actix'iiv 
within that spaliali/.ation. As this implies, discij^linaiy practice assumes, as de 
CxMleau ( 19<sn puts it: 

a j')lace that can be circumseribed as proper ( prof )}v) and thus seive as 
the basis for generating relations with an exterior distinct trom it (com- 
jX'titors. ad\ ersaries. elienteles*, targets", or objects' of research). . . . 
The 'proper' is a Nictoiy of space over time (p. \ix).'^ 

In later ehapters we shall see how the [^Insics and management programs 
treale boundaries between the diseij-jlines aiul the word. Hut if it's easy to 
toncepluali/.e how disciplines use such boundaries lo regulate the access of 
'outsiders', it's much more ditficull to see how people become insiders'. One 
of ihe major goals (^f the laier ehapters is to explicate the kinds of iransforma- 
lions iv(juired lo spaliah/e and lemi'joiali/e people in the form of diseiplinaiy 
pratliiioners. lo ledisiribule them as membeis ot the tlisciplinaiy acloi-nelw < )rk 
within thseiplinap* boundaries. 

Here is a preview: as sj-jace-conlingent' fields of [-jractice. physies and 
management were unlike other programs (such as those in the 'liberal ai1s ) in 
thai they wtTo lo( aii/tui ni spc'( i\]c it'giiMis on t.impus — partitular buildings, 
classrooms .md torridois — and u.sed oigani/alional guidelines (e.g . course- 
laknig re(iniic'menis) to channel students, facult\- and textbooks into those 
regions and exclude students trom other programs. 

in the ph\*.tes j)iograni this lotali/alion of activity leached an extreme. 



The program cnclo.scd ( j^liysically) and compressed (socially) ihc spaces in 
which suidcnis worked, and monopoh/ccl their time. By llieir ihird year in llie 
program mosi plnsics siudents were doing iheir work in small rooms wiili a 
small and relatively stable group of peers, and they were devoting the vast 
majority of their waking hours to physics work. The management program, by 
contrast, routed students into a bounded but much more inclusive material 
arena (a large "business school* building they shared with other business majors 
in accounting, finance, etc.) in which many discrete settings (classrooms, cafet- 
erias, study halls. inter\iew rooms) were loosely connected. The activities ot 
management majors were more diverse than thosL- of physics majors (they spent 
less than half their time doing management work) and the students' time was 
fragmented into short unrelated units (both within a given course and across 
the longer durations of the term, the school year, and the degree program). 

The other, spaee-foniiing', half of the dialectic was just as critical. Hven 
within the greedy space-time organization of the physics program students 
did, and in .i way had (v appropriate the spaces and times of the programs and 
mold ihem to their own ends. Participation in small study groups, for example, 
was a creative resjM)nse to the pressures of the program (though not the 
response of all .students), that entailed the appropriation of classrooms and 
corridors laic at night for student as oppt),sed to depaiimental uses. On a 
ditterent .scale, management students regularly subvened the official pacing ot 
their program by taking their courses in different groupings and at diiierent 
times than the programs prescribed. Hven in physics (where the number and 
sequence of courses was rigidly defined) students had some discretion over 
whether to take summer courses, how man\ courses to take each semester, 
and .so lorih 

The product of this dialeuic was a traiectory through the mateiial spaces 
of the programs that was. in both plu'sics and management, linked to the 
foniiation of .social networks among .students and the creation of 'distributed 
practices spread across groups of students and tools. It was along the.se trajec- 
tories that students taking j^hysics and management courses' began to cliange 
into physics students' and -management students'. 

Representational Prcxluctions of Space-Tinie 

\lo\ ing through the programs' material spate-time, however, didn't make .stu- 
dents into di.sciplinaiy practitioners. The physics and management programs 
\\i*re -obligatory pas.sage points' foi people .seeking their ways into the disci- 
plines, but the disciplines didn't exist /;/ the material spaces of the programs. 
(:orj)ot-ate inanagemenl' v .is not enacted in the busine.s.s .school, and under- 
gratiu.ite |)h\sRs students i.ireK did leal physics' Insteail I'll suggest that 
dis. ijMinaiy practices were mobilized in representations — the contents ol 
textbooks, lectures, and so forth — that Mowed through the space-times of the 
progr»uiis along with (he students 
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It may .soom odd to speak of distant spaces and times being inobili/.ed" 
and collected at ceitain points, or ot certain kinds of spaces being created in 
niohile representations, but consider: when we sit down and tr\* to niake .sen.se 
of notes, transcripts, diagrams, pictures, memortes. or an\- otlier kind of 'data', 
tlie settings where we look our notes and pictinvs and tlie interactions that 
produced our transcripts are no longer there, ihey ha\e In'come distant from 
us in time anel space. Phenomena are ne\ er temporal I\- and spatially co-present 
with llieir representations; indeed, we do not know things as 'plu^nomena' 
until we inscrilu' them in some fonn that allows us to consider them at some 
spatio-temporal distance (cf. Haraway. 19H8, p. S9S). As Woolgar puts 
it. our representational practices constitute objects- 

The practical expression of, or reference to. a phenomenon both re- 
creates and establishes ane\\- the existence of the phenomenon. In 
'describing' a phenomenon, participants simultaneously render its out- 
there-ness. . . . TIk* implications of isomorphism between textual organ- 
ization and textual phenomenon are extremcK' iin|)ortant. l-irstK". there 
i.s no .sense in which we can claim that the phenomenon . . . has an 
existence independent ot its means of expression . . Secondly, the 
notion of isoiviorphism suggests. . . not only that there is no object 
be\()iHl discourse, but that the organization ofdiscour.se is the object, 
l-acis and objects in the world are inescapably textual constructions 
'Woolgar, lass, p ^^). 

There is a similarity here to I'oucault's (l^-rj) notion of a 'diseourse' — 
tliosi.' practices that s\stematically form the objects of whieh the\" speak' (p. 
jiji — 1)^11 \\\\^\\ i ni interested in includes not just 'discoui.ses' in this sense but 
also tlu' less "discii^line*.!* improv isatory and informal repre.scntational practices 
ot. in this case, siLidents In speaking of representations as producing sputv- 
ane, I n^ean both that the\ tunctioned as 'signs and significations' of tli.stani 
material spaces and practices (liar\e\, I9S9, p. JIS), and that the\" were wa\s 
of cieating or tornuilating' s|\rx's without familiar physical analogs. 

The idea ot rej^rescntations as signs or signifUations should not be prob- 
lematic, but m\ concern here is not on what such representations (in' ^i-i much 
as what the\ do Thex" sluij^e a space t)f practice by mobilizing — in the form 
of textbooks, c.tses, problems, eciuations. and so f'onh — physically distant 
disi. iplinaiA spaces (the leal woild' ot phxsics and management practice, or to 
use l,a\c' and \\ engei s ( 1<^;1 ) leiiiis. the sites o( 't uH partici[)ation' in the field 
ot practicco so til. It lhe\ can be transported into the educational spaces ot 
tlie physK s and management programs As with .iin mobilization, ot coiiiM', 
piactice is subieded to a tiemenclous rediu tion the educ atKMially signilicaiU 
l^oiiion ot what lem.nns. what moves, is some poiiioii ot the tepies«."iitational 
tec hiKilogies — mathematical c. jiMtions, physaal laws. wa\s ot dressing, or 
rilualized tonus ot s<k labiliiv — that j^rac titioneis use to j^roduce and act upon 
the s( K lal sj\i( ( )t the disc ij^liiie W > he ,i pli\ sr isi ( )r managei means I k\ ( )ming 
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Knowledge in Motion 

proficient al the use of these representational technologies to the point of 
ixMng able to niox e through and work upon spaces and times that are not 
accessible to people outside the disciplines: sjxices and limes that are con- 
Mmctions of disciplinar\- practice. Thus, educational programs preparing students 
for fields like physics and nianageiTient — fields which consist in part of ways 
of organizing space and time through representations — connect theniseh'es 
lo those fields bv incorporating mobile elements of them (equaticMis, texts, 
machinery-, etc. ) into programmatic activity in central ways. 

This binding of educational programs to di.sciplinar\ networks is just one 
manifestation of the disciplinary power con.stiluted through representational 
t)igani/.ati()ns of .space. If we think of power' as the ability to shape action 
across space and lime (.^ee Clegg, 1989 for distinctions among .several 
conceptualizations of this ability), then .sy.stems of representation are core tech- 
m)l()gics of disciplinary power. How lo act at a di.stance on unfamiliar events, 
places Lind people?' Lalour (198") asks, and answers; 

bv sf^me/^ozr bringing home these events, places and people. How can 
this be achieved, since they are distant? By inventing means that (a) 
render them niohilc sn that they can be brought back; (b) keep them 
sUihlc that they can be moved l)ack and forth without additional 
distortion, corruption or decay, and (c) are cunihinahle so that what- 
ever .stuff they are made of. they can ix cumulated, aggregated, or 
shuftled like a pack of cards (p. 11^, original emphasise" 

When students took notes, worked problems, or analyzed ca.ses, lhe\- 
were also mobilizing, moving and combining representations ot disparate times 
and spaces. The\ couldn't he in' courses that were di.stributed across multiple 
spaces and fifteen weeks, but they eould mobilize their cour.sc segments in 
notes, combine them, and in a .sense hold the courses in their hands and 
review ihem as often as lhe\ liked, file them awa\ and pull them out months 
later, or gi\e them to friends 

These practices were connected with tho.se of di.sciplinar\- practitioners 
becau.se in creating .such mobilizations of their courses, .students u.sed repre- 
.senlalional tools — ectualions, ratios, ca.se analy.ses, and .so forth — similar lo 
those used in disciplinary j^raclice i)y physici.sls and nu:nagers lo mobilize 
local events, move ihem through space-time and combine them with other 
mobilizations In this sen.se their academic practice reproduced the di.sciplines' 
social relations ot |M)\\er-- what Dorothy Smith ( 198"'. p. 3) calls the cxtralocal 
mode of ruling' in which 'local actualities' are inscribed in 'abstract' (mobile, 
stable, and combinable^ tonus and transported to ceiileis' such as laboiato- 
iK's. corporate offit es. or university departments where ihev can be combined 
into sets ot aulhoiilali\e sialeinents. 

1-ducational practices, as comiMMients ot di.seiplinan- .space-time networks, 
thus aie not simply conditioned by relations of f^owei. they are constitutive of 
ihem In the j^iograms I studied, students inseiled them.selves into power 
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relations holli l")y representing experienee in liie ways of the discipline (so as 
to betoine participants in the disciplinar\* accumulation cycle) and by repre- 
senting tlieniselves and their own experience in stable, mobile, and combin- 
able forms (such as grades and transcripts), that allowed that experience to be 
transpoited to the disciplinarv' centers (the network nodes). 

Reconstructing the Aims of Educational Studies 

The 'geographicaP view of knowledge and learning that I've sketched here 
represents a double break with the tnainstream of educational studies. I-irsi, it 
departs from the psychological conception of the learner' as a discrete entit> , 
an 'individual'. Instead it looks at actors as distributed', with shifting bound- 
aries and compositions that sfiread across space as well as time: 

What is an actoi -' Any element which bends space around it.self, makes 
other elements dependent upon itself and translates their will into a 
language of its own. An actor makes changes in the set of elements 
and concepts habitually used to describe the social and natural worlds. 
By statiiig what belongs to the past, and ot what the futuie consists, 
by defming what coiiies before and what comes alter, by building up 
balance sheets, by drawing up chronologies, it impo.ses its own space 
and tisne. It defines space and its organization, si/es and their meas- 
ures, values and standards, the .stakes and rules of the game — the 
very existence of the game it.self Or else it allows another, more 
powerful than itself, to la\' them down (C!allon and Lalour, p. 

Students, all ot us, are elements of (.listributed actors or actor-networks. 
W hen students enter college and begin to mo\e along trajectories that reor- 
ganize them spatially aiid temporally as elements of act or- net works such as 
pinsics and management, the old div isions ot learning', disciplinaiv" repio- 
duclion'. curriculum processes', 'identity consti'uction' and so Ibrth dissolve 
into know ledge in motion. 

Nanatives of a unitar\ oi' segmentable actor mo\ing through time (upon 
whuh most ol oui notions ol \le\elopment' and learning depend) will no 
iongei" sutike l\*ople snetch out in many directions at once and intenwine 
with other profile and things distant trom tlieni .Ns Heiger ( asserts: 

It IS sc.irceK .in\ longer possible to tell a straight story secjuentiallv 
untoKIing in tinu- .Nnd this is because we are too ,iware ot what is 
I « )ntinii.ill\ tra\eising the stonline lateralK That is to s,i\, instead ot 
being aware ot a point as an infiniteK small part ot a straight line, we 
are awaie ol it as an inliniteU small part of an infinite nuniberof lines, 
as the ceiiiei ot a si,u ol lines Such awareiu'ss is the result of our 
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coiiMantly having to lake into account tlio simultaneity and cxlcMision 
of events and possiblities (p. fO). 

If we re no longer talking about eognilively and socially discrete actors, 
then we can get rid of the deconiexlualized problems' and tasks' of cognitive 
psvcliology. If people are spatially as well as temporally distributed, then 
students in classrooms (and people generally) aren't simply interacting with 
the other people and objects physically present in the settings. They are also 
interacting with all of the distant spaces and times that they carry with them 
and thai went into the constitution of those actors and objects. A task* or 
course', to borrow Rosaldo s (1989) characterization of ritual, is: 

a busy intersection ... a place where a number of distinct social pro- 
cesses intersect. The crossroads provide a space for distinct traject- 
ories to traverse, rather than containing them in complete encapsulated 
form (p. P) 

Hach element of a setting such as a college class, textbooks as well as 
people, are mobili/ations' of other spaces and times moving along trajectories 
intersecting in the sellings of the programs. Instead of specific la,sks, problems, 
or courses, the unit of analysis is the system or network of such elements 
defmed In the recurrent patterns of intersections of the \arioiis space-time 
trajectories. rnic(ue or rare inlersectit^ns, althor;»h common in everyday lile, 
are t)f less interest for understanding constructions of knowledge, which, pre- 
sume organizations of space and time that bend trajectories across each other 
on multiple occasions. 

This suggests a .second break that follows Irom the first. If people are 
.spaliallv and lemporaily distributed and courses are the fluid intersections ot 
elemerMs stretching out acro.ss and moving through space and lime, then the 
problematic we have to make sense of is the network of relations that tie 
things together in space and time: lo understand what's going on in one 
intersection we have to look at the mesh that conneUs it lo other intersections. 
The logic or .sen.se of an event or a setting can never be found entirvK u ithin 
that setting and event. As Smith (19S^) puts it: 

The ever\-dav world is neither tran.sparent nor obvious. I'undamental 
to Us organization lor us rn this form of society is that its inner 
deierrninations are not discoverable within it. The everyday world, the 
world where people are located as the\ live, located bodily and in 
that organization ol their known world as one that begrns from their 
own location in it, is generated in its varieties by an organrzation ot 
s()( ral relalrons that orrginaie •elsewhere" The everyday world rs 
not lullv understandable within its own scope. It is oiga'Mzed by 
sdeial relations not lulK apparent in it nor contained in rt (pp. 9|-<)2, 
cf. C.iddens. p 292) 
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Tlicsc l)ivak.s detach lis Iroiii the traditional qiioMion.s of studies of edu- 
cation and learning, instead of focusing on the social forms of knowledge aiut 
their acquisition, we re inquiring about the structure of networks, the ties that 
hind them,- and the nature of whatever it is that Hows through theiii. hi the 
chajMeis that follow, then, niy concerns are not the cUsl i/)liNCs <){ j^hvsics or 
inanagenienl (see, e.g., Traweek, 1988; jackall, 1989; W'hitely, 198 0, nor am 
I studying physics and management stNcIc}its hi.stead, I ni dealing with the 
structure and uiliculation of the curriculai networks in undergraduate physics 
and management, and students' trajectories through ihem. 



Notes 



I 1 r.iu't lorie.s' has been xanousK- u.sc^i hy soual llK'<)n>l> (Ansrliu Su\his>, .■Xiiiimiiv 
(Mdden.s. and oiIkms) io dcsi rih^.' |\ui<.'in> ot' t. hjng<.' or dewh )pineiil .Mlhoutih I 
UM* llu' lenu. I share tie (i^Tleau .s ( h)H i ) i\'.st.'ivaunns 

■Traieciniv sugi^-sis a nioxeineiii, hui ii al.M) nnolws a plane proieciion. 
a tlitiening out li is ,i iraivsuipu< m A graph (w hu h the ey^' cm inaMer) 
is suh.siiiuk'tl tor an oix'ration. a line whieli t.an Ix' ie\erst.\l do. read in 
liolh tlireciions ) slot's duly lor an irre\ «.'rsihK* i^'inporal s«.Mies. a li\King foi 
acts ( pp wiii-Mx ). 

De (x'lk-au s irinetK - ,i sp^-fial ii.se of ihe \er\ coninion U'riiis sir.iicgv' and 
KktKs -- sc't'ius awkward loo Howewi. llu- s<.'iis<.' in whuli 1 vi.s<.' iiajeiloiv is 
t Insr i<> tl;- ( \'ileaiis notion o| siralegv' 

.1 uikvilus ol toKe-ielaiHuishiiis whuh hetonies possihk* wIk'U a suhK'cl 
ot w ill and powrr Iwliai 1 11 eall laier \uior-neiwoik.s | can be isolaied 
tiom an eiuironnieni' li.e . tan diflert-niiaie spates and hind iheiu lo- 
^m.'llu-i mlo ceniei periplu'iv in.sKlt'-ouisKlt' r<.*laiion.sliip.sl. A .strait.'g\- a.s- 
suiiK's a pLuv iIku t an be t irt unisciilH^l as projK'r i proprc^ and lluis 
s«.'r\e as ilic l\i.si.s toi gt^-neraiing relaiions \\\\\\ an e\lt.'iior t.listnK-| fioiii 
It (p 

1 biilisli ,nKl S(.an«.l.uiavi.in lest-artlK'rs tlidnt take such a k\UuIi\<.' or tlisiuisMvc 
st.iiuf towauls sot lal et>nte\t ami protkifed sHrIk-s of liow t-oll<.*g(.' students inter 
piei and a«.KIi\'ss tasks <.k'peiKling on the work eontexts m whu'h the la.sks are 
enilx'ddetl. and how dilt'eivnt stutK strategies ai\' associated with different tk-lds 
and the tasks typical ot tluvst.' tu-kls d-ntwistk' aiul Kainsti^n. S.ii)o. [*)SI. 

\l iilon and Svt'nssiui. pr»;. P.isk. Vr{\ Raiusden aiul l-'ntw isilt', p)Sl) Hwii liiis 
woik. Iu>we\«.'r. K'luains preotiupK^l wiili tlisfretf nuliv uUials and ignoi\'.s t lass 
HXMii piotx'ssc.s aiul iIk' s(k Kil oigaiu/ation ol stutiv and learning I haw t ite<.l this 
woik lioin tlK' P>"()s aiul early l*;H()s Ix'tausc it u'pK'st'iits some ol the most 
thoiighttul rest-an h that has Ixvn «.lone on snuK- in t^ollege hi more ret enl work. 
howt'MT. sonu' (»l iIk's*.' M'scarthers t itetl have begun to mu>w towards the 
\ vgoiskjan peispt'i ti\i- iIim vissftl hd, >\\ (f g . .Mailoii. p).S i. s.ilp » antl \X \ iuIhanin. 

*^ In his t iiti(|ue ol some I iitR-s o| K )gniti\ isni (Suehtnaii bW, ( :oiilt<.'i, bW-^), Woolgar 
< 1';H") points to the (.langei of nu'U'K- subsututing a social lot a (.\)gniti\-e iiuch 
anisni (p ^2"^) loi explaining beha\iour As l.atour ( P/Xn puts it, (lieat ilivules'. 
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such as ihe one bclwocn Uie mind and society, "do noi provide any explanaiion, 
hut on die eontrarv- are the things to Ix* explained" (p 20). Although they oeeasion- 
ally see through these issues, some \Vgotskians seem to become preoccupied 
with questions of internalization" and the relationship between inter-' and inlra- 
p.sychological' processes (e.g.. Newman. C^riffin and Cole, IW)), without .seeing 
lliat the inter intra distinction itself is problemaiie and that internalization is an 
issue onl\- if one takes a static \ iew of space and lime as background conditions 
through wliich autonomous indi\ iduals march. La\ e ( 1988) and Lave and Wenger 
( 1991) do attempt to di.s.soK c the divide, but as I will explain later, I find elements 
of their work j->roblematic. 

■4 Vygotskians are not unaware oflhe.se i.ssues. hut l[ie\ address them only in pass- 
ing, aiui then in a vague and inadequate fashion (.see. for example, the final 
diapters in Lave. 1988. and Wert.sch. 198S). or they attempt to reduce structural 
issues to face-io-face encounters (.see, for example, Hngestrom s discussion of the 
Manhattan project (H^H". pp. 2(r-"8). '^'hile and Siegai (198-4) come clo.se to 
attaeking this problem directly, but end up embracing a modified version of ideas 
from ecological psNchology. If anything, issues of spatialiiy and temporality, and 
the linkages of political econom\' to situated activity that those issues highlight, are 
receding funher from view In her more recent work, foi example. Lave (I^ve ami 
W enger. 1991), who at least acknowledged these issues in her eadier work (I^ve. 
19SH). is now focusing on despatialized communities of practice' which she and 
W enger treat as (.liscrete an(.l autonomous. 

S The u.se of the pronoun is tricky. As Haraway (1991) comments You or I (what- 
ever problematic address the.se pr(Miouns have) might be an individual for some 
purpo.ses. but x\o\ for others" (p. 21(-)). 

(> (.:ompare the.sc ideas to Bateson s (19^2) discu.ssioii of 'mind" as the distribui d 
unit of evolution. Bate.son a.sks: Suppo.se I am a blind man. and I u.se a slick. I go 
tap, lap. lap. Where do / si art He argues: 

the way to delineate the system is to draw ilie limiting Ime in such a way 
that \-ou do not cut an\- of these pathways in ways which lea\e tilings 
inexplicable. If what you are tiying to explain is a given piece of behav- 
iour, such as the locomotion of the blind man. then, for this purpose, sou 
will need the .street, the stick, the man; the street, the stick, and .so on. 
roimd and round. 

Hut when the l^lind man sits down to eat his lunch, his .stick and its 
messages will no longer be relevant — if it is his eating that you want to 
understand ip. -4^9). 

As I read this. Maleson is saying that the distribution of mind is a con.slruct 
shaped by the analyst s explanatory- agenda. My aigument is that distributed net- 
work organizatiim is o>fistttntiiv knowledge and practice Bate.son s argument 
works iK'cause he treats the blind man as an object and ignores the social relation- 
ships in which the blind man panicipates (cf Smith. 198*"). how are walking down 
the siieet and eating lunch s(K ially oigani/ed- !low do such activities lit into tlie 
blind man s ongoing praclue^ .My aim in this book is not to explicate discrete 
events but to h^ok at students" ongoing practice as they move towards participation 
in distiplinaiy neiwoiks. ana m understand how that practice is oigani/ed in and 
organizes space-time relations 

Again nine the iDntiasi wuh La\c and Wciigcrs ( P)9n idea »>! t <»mmuiijties of 
pKU iK e as l(K I i»t learning ( 1 conlrasi m\ position with this one not because I liiul 
It weak, but on the coniiarv- because it is ( oiupelling). 1-or them knowledge" is 
inthni the tomiiuinilv. in li\e actor- network tramewcMk knowledge is a powei 
Lidcn tonsirucin>n ol .k^lon^ upon an extenon/ed woild 
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Clogg (1989). I think, is a^sjionding to this prohloni on souk* lowl when \w re- 
works the actor-notwork concvpl in lornis of what he calls (following DiMaggio 
and Powell. 19H3) "organizational fields". 

Sueh tield.s exist onl\- to the <-.*teni that thes- are an aehievenient of epis- 
odic power in the institutional field, stabilizing relation> of power between 
organization agencies A. B, , . . N Kpi.sodic power's achievement will con- 
sist, first, in constituting a relational field by 'enrolling' other organiza- 
tions and agencies; second, in the stabilizing' of a network of power 
centrality. alliance and coalition among agencies within the field; third, in 
the fixing' of common relations of meaning ;uid membership among the 
agencies within that field, such that they are rellexi\ely aware of their 
constitution as a field (p. 

This may well be a better language for talking about physics and management as 
disciplines, but it doesn't seem flexible enough to allow me to talk about the 
production of i)hysicists and m;inagers. Thus I retain Gallon's terminology. 
This distinction is insj')ired by Haivey's ( 1989), and bears some similarity to Caste! Is' 
( 1991 ) spaces of place' and 'spaces of flow'. All of the.xe distinctions are indebted 
to lefebvre s work (1991). However, what I mean by representational organiza- 
tion of space-time' is different than what I.efebvre ( 1991 ) calls spaces of represen- 
tation' or representational spaces'. The former is: 

conceptualized sj)ace. the space of scientists, planners, urbanists. techno- 
cratic subdividers and social engineers. . .all of uhom identity what is 
lived and what is perceived with what is conceived (p. 58). 

The latter is: 

Space as directly /// (v/ through its associated im;iges and symb<^ls. and 
hence the space of inhabitiints' and users', but also of scMiie adists and 
perluips of those, such as a few writers and philo.sojThers. who (h'scnhc 
and aspire to do no more than dcscnhc . . . This is the dominated — ;iik1 
hence p;issively experienced — sp:ice which the imagination seeks to 
change and apj")r(^priate It overlays physic ;il sp;ice. making symbolic use 
of its objects (p. .V>) 

I am not altogether sure that this tlistinction can be sustained — m physics for 
example, representations ol' s[-)acc and representational spaces (space perceived' 
;is <)(iposed to imaginetl' in Harxey's teniis) seem to tk)vetail — but insofar as it 
can be my woik here is probably concerned more with represent;itions of sj)ace 
than representational spaces. In any event, my mam interest is m how represen- 
tational organizations of spai e tiiiie' .ire used to "mobilize the world aiul oigaiu/e 
actors across space antl time 

W ilhs s ( 1981 ) stud\" shows iliat in arena.s of education such as compulsoi\- school- 
ing, the iiKiterial oiganizati(Mi of space-time is an object of struggle The hids' he 
tlescnbes are c(MMesting the material organization of space-time promulgated by 
the sihool. and performaiivel\- constituting in its place the space-time relations of 
working class life The\- don't organi/e a competing network ot representatuuial 
spai es". In »\\ e\ei . and thus i ontmue to be iiu i upoiated into the school s lepiesen 
tational net\\«>iks ~- gi.ides. exainin.ition scores, certilk .lies, etc Adv.nicing them 
selvc»s within the strictly loc al network, the lads' have tew resources for overc-oming 
the friction ot dist.ince that separates them from the sj-j.iees of soci;il p<uver. They 
.ire subjugated within the laigei space-time networks linked bv representations 
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\ 1 U'tchva' ( iOOl ) should not he ukon .is su^igcsting Uviv that there is some pristine 
empty' space that has to he sociahx.ed through hunuin practice: 

'{'lie notion of a space w hich is at first einpt\ . liut is later filled hy a social 
life and modified h\- it. aiso depends on lai hypothetical initial purity", 
identified as nature" and as a sort of ground zero of human realit\'. Kmpiy 
space in the sense of a mental or social void which facilitates the 
socialization of a not-yet-social realm is actually merely a representcttUni 
o/s/kice ... Of an actual historicalh" generated space, however, it would 
he more accurate to .sa\- ih.ii it pla\'ed a socializing role (hy means ot a 
multiplicity ol networks) than that it was itself socialized (pp. 190-1). 

1- l.a\e"^ ( 19SS} distinction hetween arenas" — durahh- organized settings not di- 
reciK negotiahle h\" the in(.li\idual — ani.1 settings' — the individual s personally 
"ej^lited \ersion of the arena (pp. lSO-1) — could have some hearing here (al- 
though the distinction is too static and reminisi.'cnt of the cognitive {Psychologist s 
task cm ironment piohlem space di.stinction ). I'nfortunateK", Lave ( 1988) gives a 
ph\sicalisi slam to her comments on arenas" (following Barkers ecological psy- 
chology) an(.l in [')ractice ignores them, refusing to trace out the connections he- 
tween grocciy shopj")ing an(.l production networks, marketing systems, family-work 
sinKture and the mvriad other connecting networks, l.ave and W'enger ( 1991 ) drop 
the whole matter alt(^gether and make few connections to I^ive (1988) — appar- 
entU" seeiii); no use for the conceptual aj^paratus developed to t^lescrihe groceiy 
shopping in their (.Nscussk m of k'arning in aiTpientKcships. 

1."^ l.efeh\ re ( P)91 i ani(.ulates a similar hut more geneialize(.i view of the modern state 
as a spatializmg entit\": 

The state is cons< tlKlatmg on a world scale. It weighs down on society 
(on all societies) m full for^e; it j^lans aiul oi;',ani/es societ\" rationalK" 
with the help of knowle^lge and technology im|X)sing analogous, it not 
homologoLis. measures irrespeeti\ e ot politi(. al Kleology. historical ha<. k- 
ground. or the class origins of those in power. The state crushes time hy 
reducing differenc(.'s to repel itions or (. ircularities (cluhhed equilihrium". 
'feedhack'. st^-lt-regulation*. and so on) Space m its Hegelian fonu comes 
ha^'k into its ow n. This modern stat(.' promotes and imposes itselt as the 
stahle center — definitiveh — t>f (national) societies and sjxices (p. 1^). 

lake tie (i'neau. l.etehvtv is careful to eniphasi/c resistances to this state of affairs 
— state-imposcLl normalit\' makes permanent transgression mevitahle" (p. 1.^) Mv 
point is mercK th.it disoplinaiy power and state power share a similar spatial 
underpinning 

1 1 W' (-.eHeau i 198 ») makes a veiY stmtlat argument- 

the scK'ntifii. method re(|Uires .i delimitation and simplification of its 
ol)ie<.ts theie coiiespoiKls to iIk' constitution ot ,i sLientilic space, as 
the piecoiulition of .my analysis, the necessity o| heing ahle to transfer 
the ohjects of stLid\ into it ( >nl\" what ( an he transported can he tieaied 
What L.mnot he uprooted remains hy dermitu)n outside the field of re- 
sells h Ileiue the privilege that these studies accord to diMtunsrs. the 
d.it.i that i.m mo'^: casiK he gt.isped. icLoided. tiaiispoited. and exam 
iiK'd 111 scLUie pLues . ( )j the praLlices themselves, science will retain 
onl\- nio\.ihle elements or descriplne sJienLis le.uing aside the 
aspec ts ot a s(K iet\" that uiimot he s( > upiooted and tianstened to anoihei 
spat L' ( p -li > 
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Do (Vrtcau and Litour. of course, arc looking* at this protvss from opposite pcr- 
spcaive.s; Laiour from inside iIk* lalxiraioiA" (the only exception being Part II of 
Laiour. lOHH). de C'erteau from outside. 
1^ ■Siai')ility\ nioi'^ility". aiul comhinability' are of course tiefined in terms of an actor- 
network: liiey are accomplishments, not essences within entities. It takes an elabo- 
rate system to constitute textual foniis as stable, mobile and combinable (as in 
physics) — and it doesnt always work (as in the manLigement program) 

In this connection, the emphasjs here on writing liikI printed text requires 
some comment. As a number of commentators have p()inted out (Marcus, IWI. 
PI") *t()l-2) sNstems of electronic communication ha\e intrcxluced radical changes 
into the organization of communication and work in fields such as pln sics. and the 
printed text has declined in importance as a technology for organizing the disci- 
pline across space and time. Some, like Poster ( 1990), make radical claims for the 
reorganizations of .space and time that f()lk)w fr()m the new technologies: Poster 
suggests that electronic communication networks have no space time coor<.linates: 

electronic language . is evenwhere and nowhere, always and never. It is truly 
material immaterial' (j"). S^). One would think that ccnnputer hoc^k-ups materially 
organized across space and time will continue to be nece.ssaiy. but in any event 
\ merely claim that in umlcj}iraduatc e(iiiC(iti(»Hil fmictuc — at least in the mid- 

l')K()s at the uni\ersity where I was working — writing and print retained domi- 
nance. K\en in the \ er\- few cases where computer programs \sere used (e.g.. the 
simujation games in busine-^s programs) they functioned as analogs of printed text. 

That is. the\" lacked channel -distinctive jiroperties or effects. 
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M\ interest in spatial issues grew partly out of my fieldwork. The fellowship 
that tundetl this study didn't allow the university to take overhead money, so 
I w as foicetl to make do without an of fu e. a mailbox, or a storage loc ker. To 
do the fieldwork I had to borrow uni\'er.sity spaces to write, read, and conduct 
interviews in during the day. 1 could read and write in a lot of plaees. but 
w hen I made inter\'iew apj^ointments w ith students we had to ari ange to meet 
somewheie on the campus — I asked the students to suggest places — and 
then find a place to talk. 

After a while it dawned on me that when students suggested jiossible 
meeting places foi' the interv iews i was getting a glimpse of what the urban 
planner Kevin Lynch (1960) would call their 'en\'ironmental images' of the 
campus — a list of the places wheie they spent time, worked, sludiecL oi )ust 
places they considered significant public landmarks. With m<yst students, it 
seemed, these images were idiosyneratic. My meetings with management, 
eclucation. and sociology students were scattered all o\'ei' the jilace-. many in 
the stULlent union, others in bars, cafeterias, at the libran , at the tennis couiis, 
in hallwa\'s, staiiANells. lounges, and e\'en some outdoors My meetings witli 
|)hysics slULlents. lK)we\ei. were always in one i^hice: the plnsics building, an 
aix'hitecturalK' au.stere, IS-story structure set apail from the rest of the campus. 

! thought this building an unwelcoming place. During the daytime it had 
no (.juiet corners or unclaimed sfiaces foi- sitting, talking or wiiting. There were 
no spuces for stuelents to congregate in or apjiiopriate for their own uses. 
Asicle horn classrooms on the fiist two floors and a small, eerily c|uiet libra it 
that alw Liys seemed to be crowded with desperate freshmen cramming for tests, 
the majority of huikling space — essentially all of the upper floors controlled 
by the j^hysics tlepLUtment — was taken up by faculty offices and laboiatories. 

1'he.se were [')rofessional worksjiaces which .students avoitled and where, 
in fact, they seemed ui'iwelcome. Most .students tokl stories of abusive tieat- 
ment v\hen the\- went to [')rofessoi's for help. lukI In* their third year lew even 
lv>ihered try In any event, it wasn't all that easy to professois. I'ew put 
then names on doors oi indicated office hours The tliiecttuy on the ground 
floor was quite inaccurate. II you did catch a faculty niember in his oflicc. you 
iiad to wait to see them in halls empty of chairs or benches, leaning on the 
wall or silling on the lloor 
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And yet, this building was the center of the academic and social universe 
for students majoring in physics. It dominated their environmental image of 
the campus. Third- and fourth-year physics students spent almost all their time 
there. Ii was where they socialized and worked, and where they wanted to 
meet me, even though we always had trouble finding a place to talk. 

This paradoxical lole of the building in the students' lives — the way it 
marginalized them while they treated it as their center — makes more sense 
if we think of the building as a material space moving in time. Consider the 
one area in the building ceded to undergraduate activity: a corner of a corridor 
near the departmental offices where there were three large tables witli fokling 
chairs, and next to them movable chalk boards. Inuring the day these tables 
belonged to engineering students in the introductor\' physics and engineering 
courses who came for help with their homework. Late at night, however, they 
became the property of the physics majors. As Arnold, a senior, explained, the 
tables were surrounded by non-majors looking for help (from graduate assi,st- 
antsl during the day'. But at midnight or two o'clock in the morning the tables 
were taken over by juniors and seniors. Several fourth-year phy,sics suidents, 
like Alice, said this corner was where they spent their nighis: on the third 
floor, where all those physics help tables are. There are quite a few people 
who study there.' Other students talked of appropriating the then-empty class- 
rooms as night-time workspaces. 

While management students could manipulate or negotiate program re- 
(juirements to make them fit in with other interests, the physics program ,seemed 
.successfully to suppress its students' non-physics interests (or to make stu- 
dents pay for them by extending their stay in college and lowering their grades ). 
W hen I inteiviewed Alice in an upper hallway of the physics building she 
talked about her love of literature and t)ther things unrelated to physics: 

Mv biggest literature inteiest is in modern poetiy. modern American 
poetry. Kliot and Frost. Corso and Ciinsburg. all the i^eat poets. . . . I 
read \'(>^uc in my spare time, too, I like to sew my own clothes so I 
like to copy patterns out of there. ... I listen t(^ jazz, I listen to folk 
music. I play the clarinet, and have really stopped playing with any 
group rigiit now , but I have just always had a real fondness for music. 

Hut she almost never did lho,sc' thing.v Alice spent, by her estimate, eighteen 
hours a day", in the j')hysics building, going to cla.ss, doing homework prob- 
lems, .studying, W hen I asked her if that was an exaggeration she answered: 

Wlu-n I ni not suk and behind i spend — I have clas.ses here all 
morning, 1 have cl;«sses all morning .somewhere, and I spend the 
allernoons heie Antl sometimes at night i study heie 

Although Alice's eighteen hours may have l»een extreme, all of the phys 
!( s students .seemed to be putting in deadly hours at the physies building, and 
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tor sonic like Arnold there was no escape even when they left: I live w itli a 
lot of" physics niajors, so at home is ^oin^ to be a ^roup stiaK ing around the 
table situation as well.' 

Alonj^ with this spatial local ix,at ion of students theie was a particular 
patterning of tiine and a narrowing of stU(.ient interests. To see how tlie pro- 
gram accomplished these things I atn going to look at how the mateiial oigan- 
i/.ation of space-lime produced by the program funnelled students into a small 
piiysical xoi.e — those few Hoors of the physics building — and into the 
temporal regime that claimed the \'ast majority of their waking hours. What 111 
try to describe in this chapter is how this compression' of space-lime (Ffaney. 
U)S9) separated physics majors from other students and melded them into 
.study groups (consisting of people, texts, and tools) that worked homework 
problems and prepared for tests. To belong to one of these groups meant in 
essence becoming enrolled in an actoi-network that connected students to the 
disci|)linan' network of plnsics. hi the next chaptei- 1 will look at how the 
representational organi/ati< ni of space-lime in the pro.^ram — representations of 
space on papei' and representational spaces produced in texts — strengthened 
this (albeit still loose) connection of students' acti\ity to the social space of 
physics practice itself. 



Standardizing Space 

In prestigious physics depaitmenis its the giaduate programs that receive 
most attention; they compete with other physics programs foi- prestige — (he 
graduate program of the department 1 studied was ranked in the top twenty 
nationalh" in teiin.s of faculty reputation, ( Jones, Lind/.ey and C^oggeshalL 19H2> 
— and. according to the depaiimenl head, the graduate piogiains ha\ c prior 
claim on the hetiei' profes.sors. By contrast, undergiaduale piograms like the 
one 1 studied wt-re seen mainly as phues to piepaie students for giaduale 
.school (which is not t(^ say that all of the .students actually ended up there). 

In spile of their secc)ndar\' status, undergiaduale programs play a key role 
in physics education. Nationally, graduate programs in physics depend almost 
exclusively on undergraduate physics programs for their students and .sei^e as 
the maior inarkel' for such students (.see AlP, IVSSb. Porter and O.ujko. 
[■>. "2) This dependence has led to a kind of C{)l()ni/ation ol undergraduate 
physics, a pies.sure to standardize the undergraduate curriculum so that students 
eiileiing graduate sc hools can be assumed to possess the same le\ el of training 
regaidless (^t the undergraduate jMogram in w Iik Ii they studied. This pressure, 
coupled with the growing national domin.nue of a relati\el\" small gnuij) <»! 
giaduate ph\sus dc'parlmeiits in the p(^si-\\ odd War II period.' had b\" the 
p)('>Us pioduced a national siaiuLird \nv the number and t\pe ol couises eon 
skleied appiopnate in undergraduate piogiMiiis (iMivsies Sunex" Committee, 
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T\w iiiininul tbur-\car undci>;nulLKilc program of insiruclion lor a 
plivsics iiKijor al ihc lour inslilu lions suiA oycd |Herkelc\ . MIT c:olunibia, 
Swarlliinorol contains an average of loriy-ihrcc st.'tncsicr-hours ot 
physics, nineteen seniesler-liours of inatheinaiics, and nine semesier- 
lioiirs of clieinisiiy. iNatioiially. tlie undergraduate preparation for 
graduate work in piiysics requires around ihirty-six-hours ol physics 
and eighteen semester-hours n[' inalhenialics. ^ (International I'nion ot 
I'Lire and Api^lied Physics. p. 

The i)hysics deparinient I studied had modelled its course-taking require- 
ments after this national ixittem — in IW) undergraduate majors were re- 
quired to take a minimum of forty hours m i")hysics twenty-four in math, and 
eight in chemisir\ — to make its graduates inteichangeai^le with graduates ot 
other res|x-cted undergraduate prognims acioss the nation. The se(|uence in 
whicii the o)urses could Iv taken also Ivcanu' standardized By the earh 
iw~()s n beg 1 w iili 

an introductoiA ( oiirse coxciing the lull range of plu sics, now alw ays 
iiuiudmg caUuhrs and extending over a period of one to two 
years . The dominant curricular progression in the junior and sen- 
ior \ears emhodies a more or less canonical setjuence ol courses that 
deal in greater depth with special areas of physics. Thus, most (^1 the 
topics are repeated, hut this time with the use of diflerential ec|ua- 
tions. c(Mnpnier programs, and Mime reference to current research 
Suth a .seijueiKe ol courses typically includes classical mechaniis. 
electricitv and magnetism, optics, thermal physics, electronics, and 
(juantLim physics (]>hysit s Suney Committee, \^ri. pp. "'di, 

I lound this b:isic pattern m the piogram 1 studied some litteen \ears later — 
the ma)or diflerences being that cleuronics had become an optional course 
.ind a hill lour courses were devoted to various aspects of tjuantum mechanics 

( see .Appendix 1 ) " 

This national standardi/ation ol prognim .structure jMaxed a ke\ lole in 
disuplinaiA reproduction by making it po.ssible to overcome the geograj^hical 
separation ol undergraduate programs and Unk them together tightly, merging 
them m a sense, in textual space. From the perspective of the di.scipline this 
linkage homogenixetl and stabilized the supply ol personnel destined lor gradu- 
ate programs (where people begin to engage in thr real work' ol physics), 
and made it possible tot progiams seattered across the countty to commun- 
it ate t|UK kl\ 

li follows howexei. that with siu h a tight st.indardization ol turriculiim, 
the pi( )blema.izatioii or tlefinition ol allowable identities .md inleiests that the 
piogiam t onstiucted lor iindergraduale physit s students was \erv nariow , and 
theie were eiioimons jiiessures to exckide students who louKl not adopt the 
.ippiopnate identities As 1 s.iid earlier, students were exjK'cted to go on to 
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gradualc^ school in tlio tickl, and from there to careers as professional pliysi- 
cisis. If that wasn t wluu they liad in mind, one professor explained. theyYe 
making a mistake [majoring in piiysicsl. They should be in engineering. All of 
the students I intei-viewed said similar things. 

The undergraduate program can be understood, then, not as a site for (he 
iiilusion of physics knowledge into students' heads, but as a path (itself com- 
po.sed of many intersections) shaping a lock-stef-) trajectoiy through a curric- 
ulum that restricted student.s' activities to a small .set of material spaces dominatctl 
b\ the discipline. The end product was a highly restrictiv e social space that tied 
together practices spread across great physical distances. 

Weeding Out Students 

This space-compressing trajectory began even before students entered college. 
High school physics and calculus courses were necessaiy prerecjuisites for 
pursuing physic-s in college: the vast majority of undergraduate physics majors 
nationally were drawn from the.se courses, and 90 [Xm- cent <^f entering gradu- 
ate physics students had pa.sscd through them ( l^orler and C/ujko. 19S6, p. 
■"M. This tight linkage was an historical con.siruction. Post-Sputnik concerns 
over tile cjuality of science education luul allowetl fac ulty to boost the sophis- 
tication' ot their uiulergraduatc courses, which in turn demanded the creation 
of a lughlv .selective system for funnelling the 'brightest' students into the field. 
.■\s OIK' proft's.sor explainetl, in the early I9()()s: 

There .wasn't enough nuKleni j')li\ sics |iii the urulergraduate curric- 
uiuinl. it was almost entircK classical pliy.sics \n those days And people 
tliought that with such bright students at the undergraduate level we 
ought to be giving them graduate material.. ..This was a national 
iiioxemeiil We introducetl llhe Introductory Meclianicsl . . .designed 
lor piiysits maiors. which recjuired at lea.st one semester ol' calculus. 

Increasing the complexity and difficultv of the undergraduate curric ulum 
meant restruclunng high school math and .science curricula .so that, in effect, 
they became downward extensions of the university cuuiculuiii (Palhand and 
Lnidenfeld. 19MS. p. {()) Since the introchictoiy university physics courses 
re(|uircci calculus pic-jxiiation and presumed at least .some familiarity with 
pliysics concepts, high .school course's in tlie.se aieas became the critical gate- 
v\ays into the sj')aces of the disc ipline. 

Studenis' chances of taking such courses v\ cmc* deteniiiiied largely by vvlicie 
tliey went lo high sehool. Students at suburban .sclio()ls with predoimnaiitlv 
white student po[Hilalion^ v\eie moie likc^ly to have taken such courses than 
studenis iiom sehools with huge poor or mmorit\- student pojnilations (All', 
l9S.Sa) W hen j^hysics courses /rcrc av ailable at the p(K)rer .schools ihev were 
generilly of inferior ({uality (Sv\eet. 19MS. p. 9i) 
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Kwn by hi^h school, then, the spaces of plusics education were highly 
restricted and. not incidentally, gendered. Only 19 per cent of high school 
seniors look physics in the early 19H()s — 26 per cent of the hoys and 14 per 
cent of the girls; and onl\' H per cent took the calciiUis reciuired of beginning 
physics majors — 10 per cent of the boys, 6 per cent of the girls (Raizen and 
Jones, 19HS, p. 98).^ The results are programs, like the one I studied, where 90 
per cent of the students were male, the vast majoril>- from middle or upper- 
middle class suburban schools, and almost all white. 

Moving from high school to the imiversity just intensified these space- and 
socially-compressing forces. First-year physics students began their academic 
careers in classrooms and dort7iitories shared with students in other programs, 
but by their third year their academic activities were kxalized in the physics 
building. Along the way the range of their social contacts at the university 
narrowed and their time was organized into light schedules dominated by 
physics work. This compression of s[xice-time was set in motk)n by organiza- 
tional mechanisms designed to winnow the number of students majoring in 
the field. 

The lower division course sequence — introductory mechanics, introduc- 
lorv clectromagnetism, and waxes — was, in the words of one j^rofessor, 
designed lo weed out students. It's used by the college. I would say of the 
people that register, about 2S per cent fail.' (bourses designed to Hunk large 
numbers of students are not uncommon in higher educatk)n. of course, though 
their function varies across disciplines. Hacker (19S9). for examj^le, points to 
the practice in engineering prognims of simpK' sLi|)pressing the supjMy of 
graduates. She ((uotes {)nc prc^fe.ssor as saying to his students that '90 per cent 
of vou would make g{>od engineers, but only -40 lo SO per cent will graduate" 
(p. {!). The altitudes of facullN' in the physics program I studied were less 
cvnical: instead of restricting production lhe\- thought of themselves as simpK" 
tlismissing the students who lacked the .skills and commitment to .study physics 
Phvsics profe.s.sors boa.sied about the high failure rate and said it was a 'natural' 
tealiire of physics piograms-. 

Cienerallv in anv physics course about .-^0 per cent of the cla.ss will lail, 
unless it s an upper divisic)!! cc) ur.se for physics majors where there's 
alreadv been some weeding out But if the course is taught at the 
same level consistently. 30 per cent i)\ the class will flunk. 1 don't 
ktiow whv that is. li s inde[X'ndent of the teaeher, it s indcjUMident ol 
the textbook, it s inde[UMident o\' anything. \\e'\e discus.scd it a lot 
among ourselves. It .seems that you ju.si keep building the complexity 
ol the material and you eventually reach a p{)int where evenbody but 
the jK'ople who really can become physiei.sts give up. And it .seems to 
be nuk'iHMuk'nl ot how tar you go A guy can be a jihysks nuijor and 
take live physic s courses and then all of a sucklen he Hunks . We 
grade rather leniently otherwi.se everyone would tlunk. So 11 some- 
bocK who makes a C. or H might be making less than SO per cent of 



ihcir work. Ami so il s noi .suipii.sii\^ iliai sooner or laUT Ik* reaches 
a poini w here he tlunks. 

The lenieiKA" in i^radiii^. as the professor put it. nieanl "eiining' the 
^ratle. defiiiin)^ ih.e mean score as a 'C or 'H" and awardin)^ )^rades aht)\"e and 
below thai in lenns oflheir distance in standard dev iations t'rorn ihe mean. C)(" 
course, ihi.s produces a di.strihution in which about M"^ |xm' cent of .student.s 
fniist flunk out. As .students recognized. L^rades and learnin^^ were not clo.sely 
connecle<.l: 

All [>h\sic> grading i.s done on a. you know, normalized tspe .system, 
where the a\erage grade is usualK a high C or a low il . . . The aver- 
age grade on one test I took was a ■ . ■ One [person was in the iUs. 
one was in the 5()s. one was in the (>0s and one was in the ^(Vs. 
Probably two-thirds of the grades were in the 2n.s .. .And so the 
prolessor comes aliuig aiul normalizes and sa\ s. oka\ . e\ er\ bod\" w ho 
made uj) to 2n gets a (1. 20 to .^^ gets a M, and e\er\'one above thai 
gets an .\. .Xiul so ma\be that's an indication that the test was too 
tough, or that the prote.s.sor's not teaching the mat<.aial well, or that 
none of us gi\e a crap — something like that — but .still it just ends 
up that the gtades are given on how wc*ll the class does. . . It s \ eiy 
possible that no one could be learning anvthmg aixl y<.'t \ou s(ill get 
jH-oj)le with .'\s and Hs and (X and l)s . .(Luke). 

■{'lie weeding out" ati^omj^hshed by suth grading jMactices meant that 
onlv a minoritv ol the stu<.lents who Ix'gan the pri)gram as fresliiuen made i( 
to tlk' tlnrd yt*ar. As » >ne j'nofessoi- j^ut it- 

The lieshmen and soj^homore classes alwav's hll up; but hy the time 
\ou get to the first |ur nor class w e re figluing loi- ten students . . . we'ie 
}ust on tlk' \x'rg<.' o! not ha\ ing <.'nough undergrat.luates lo teach ujTj'x.a" 
».liMsion uiulergraduat*.' courses ( Marker > 

The social space ol the jMOgram imj^loded Students w ho sur\ i\ ed began 
to <.k'seiilH' tlk' s<.'le<.ti\it\ ol tlx.' j'jrogram with ;i j^ikle that c|iiotati( >ns like this 
t >!K' I an t ( juiti' c » )n\ e\ 

i he j-jIivsrs uiideigiaduale depaitmeiit is small. ! don t know how 
mam stu<.k'nts w<.' gra<.luate each \<.'ai. tliirtv. something like that, al 
llii' most'' It s fiot a big numlxa". <.'\<.'r. I iiK*an. it <.k\Mys exj'jonentialh . 
the numlxa of p<.'ople m j'>h\sns. it re.ilh" goes clown, <.'spt.'(. lalK" tlu' 
tiist two \eais ( Alu e > 

As Tiawcek (|^)SS> suggests, tlu' stu<.lents who sui\'i\<.'<.l this winnowing 
iKgan t(ise<.' theniscKes as pait ol an extremely iestiRte<.l <."ommumt\ ' < j'j, "*S) 
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of cliic MLidenl.s in lA'wc insiiiuiions. At the same lime, however, tlieir sLib- 
ordiiiale siaiu.s in lhal eonimuniiy was Ibrcetully coinniunicaled lo ilieni. The 
l^hysics program had a hool-eamp menialiiy, an equation of learning with 
suffering. H\cn suece.ssful" sUidenis oeeasionalI\ fell ovenvhelmed by ihe work 
and eould gel bad' grades. If we ignore the vast majority who goi weeded out 
and look al all ihe studenis who sueeessfulK' Lonipleted degree programs in 
physic s over a one year period. 29 per cent aeuially /i^//7a/ ai least one physics 
course, and many others had withdrawn* from physics courses, presumably 
for academic rea.sons None of the management graduates who.se transcripts I 
examined, by contrast, had failed n management class.' 

Temporal and Spatial Boundaries 

The phvsics program.s began to monopoli/e .student time from the treshman 
\cai onward, hi tlie \ cia fuM phy.sics cour.se .students were typicalK" required 
lo do large, weekly problem .sct.s* In theoiy the liomework was snj^po.sed to 
.suj^plemeni other forms of stud\. As one j^rofe.s.sor warned in his syllabirs lor 
introdu<.ior\ met hanics 

^'ou are kidding yoursL*lf if you don't juit in about three hom>. of study 
lime lor e\ erv hour spent in clas.s. not counting time spent on home- 
work stud\ w ith the aim of understanding, memori/aiion i.s w orihle.s.s. 

students, however, described homework |Moblems in the introdiKton 
KHirscs as so timC'CcMisunung that the\ had little time for other kinds ol .stLidy. 
l.em. tor example, re^^alled that- 

( )nc of the things vou get out ol \oui- early cla.sses is xou get used to 
doing a lot of homework. That may sound kind of funn\ . and it is. biit 
It s true 1 mean, when I was in high .school 1 whipped through home- 
work in five minutes tow.uds the end ol class and I ne\'er had home- 
work m high sdiool because Id do it right then ...So when i got 
here I wasn i used to like spending moM of the night doing problems 
and getting three or lour hours sleej^ And the ma.s.sive quantities ol 
homework the\ tend to give \{)U m initial da.s.scs tea<.hes you that 
\oure going to have t(» do that Ntax up all night w-orkingl. il not 
ihiough dittUultx then )ust through sheer volume. 

It should be undei stood that the homework pioblenis were just (MIc ol the 
woik intensue re( juirements students hued. the\ boa.sted ol crushing work 
1. .ads ( )iKe !. 'i example, .i^- I picpaied to lea\e a studv gioup session around 
midnight (It IukI begun about 0 .^o pm and was still ."/nng sti.»ng with six 
students pieseiit). (ilen mentioned that he hadn't slept the night belore be- 
cause he d been Mudxing a leM Laurie lesponded with a litaiu ol her ow n 
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study rcquireincnt.s: after her physics lab earlier in the day she'd spent two 
hours studying rocks for a geology test before coming to this study session, 
and on top of that she had a German test coming up which she wouldn't be 
able to study for at all. not to mention the study that uw^kihc required {'or a 
vector calculus test later this day. 

The inelasticity of time created by this kind of schedule and by the tight 
pacing of work within physics courses, meant that falling behind almost always 
led to failure: 

Last semester, for my first c|uantum test, I studied f(^r approximately 
two weeks. That's about eight hours a day. That's fourteen days at 
eight lunirs a day, and I still made a middle D on that. The bottom line 
is that you ju.st ha\ e to sta> ver\' on top. And as soon as you lose that 
on-top feeling and position, you're really sunk. Because it's ahnost 
impossible to legain an on-top position once you're behind fPaul). 

For the students who sunived these trials-by-time in the introducton' 
courses and renuiined in the program, physics became an even more time- 
greedy. en\eloping major. ^ By theii- third year, almost all student course work 
was in physics and math, in letjuired courses strictly sequenced by pierequi- 
sites. This concentration of cour.sework. and the problem-heavy nature of those 
courses, created 'interessements' in the form of temporal streams or bound- 
aries that sepLirated physics students from other actor-networks into which 
they might be enrolled (e.g., fraternities, .sororities, etc.). When other networks 
did prevail, as in the case ot two students I inten iewed. enrolment in physics 
was forestalled. One ot those students. MeK in, spent most of his lime outside 
class with relati\es who lived in the area: 

I don't ha\e really \ c\y many close uni\'ersity friends. 1 ha\e nephews 
and nieces who Lire near m\' age. and I lia\'e two sisters here. M\ 
parents are here right now. And most of my socializing. I guess, is 
done with them. 

W ithout fiiends among the other physics students MeK in worked alone, 
tailed se\eial physics couises. and ultimately abandoned his plans for gradu- 
ate school. In the CLise ot the other .student. Luke, it wasn't relati\es but a 
traternitv tied joined prior to his treshman year that monopolized his time. 
He di^i all right in the introducton- physics courses which co\eied material 
familiar tiom high scliool. but t)uickly encountered problems with the upper 
di\ isi( )n couisework- 

Srcond semester was the tiist ph\sKs class, and I ilid real well in that 
— but Lm suie that's because I'd had two yeais of it in high school. 
Anil the saiue kind of thing haj")pened w ith my sophomoie \-ear. taking 
the other two lowei division physics classes. I didn't do as well. |iist 
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bccimsc ihe siiiff we d luid in high school wasn i quite up lo ihe same 
level, hill still I spent almost no time doing it, 1 sp<.*nt a lot of time at 
the fraternity. And so m\- grades started to go down, and by the time 
seeond semester sophomore yeai' hit they were pretty low, and Td 
managed to destro\- a prett>' good CPA. And then first semester junior 
year was rock Ixniom. That was the end of it. And 1 kind of got an 
ultimatum from home and that type of thing. ... I just did not have the 
saidy skills that it takes, the daily grind type of thing. I had no idea 
w hat it took to do that. And I would ir\' to do the homework the night 
before, by myself, and I would just get frustrated because I couldn't 
do the first one, so I d blow il off. Then I'd have no idea what was 
happening on the test. 

After failing .some upj>er-divi.sion physics courses he switched his major lo 
secondaiy school science education. 

I'nlike the management .students I II dL.scrihe later, who cultivated local 
lies oulside the university to gain practical experience and develop contacts 
with potential employers, physics .students did better if they a\ ()ided local lies 
leven to the department: ihere was an expectation they'd go elsewhere tor 
graduate .school). Theii enrolment in physics, then, was the product of a stmggle 
among aclor-nelw{)rks ( programs, families, fraternities) in which material organ- 
izations of space-time, in particular lemj-joral and spatial boundaries, played a 
critical role in organizing bodies. Hob, for example, comixued physics lo his 
othei (.oLirses. aiul explainetl that the latter were: 

a lot easier. So that changes your whole attitude towards it ... it you 
put more than five hours into il, or even if you put that much tiivie into 
It . that's the mo.st you could ever think of putting into it. And in a 
lot ot the physics classes I look, you would he pulling in problem- 
suUmg and stLid\ing and reading — but mainly in j^roblem-.solving, 
you'd be jxitting in anywhere from, ah, nine lo twenty hours a week. 
There was one .semester where we counted up the hours that we had 
been working out ot cla.ss, in physics, and il was, it averaged out to 
over twenty hours a week Mo.st of it was problem-solving. And with 
the other cla.s.ses that you lake, unless you're in a math clas.s, . . there's 
not really any prolMem-solving And the only thing that you really 
have to kvep up with is reading. And you might have to write an 
(Hcasional paper, but that wasn't difficuU They're maiiiK |ust (com- 
paring things 

AIkc ga\e a bieakd(Avn ol how iliai kind ot lime was sjx'ni 

Oil. |\ou spend the greatest amount of time onl the ph\sus. b\ tai. 
^'oii spend toi each [Mivsits class probabK seven, eight hours on a 
homework a-signmenl each week. And that's ovei and above siudving 
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for icsis. Ii d()L^sn'l iiKiiidc^ uny ot" tlial kirul of vvoik or >^oiiig owr 
cha[MLrs or rt^ writing notes. It takes inc a lon^ lime to do a piiysks 
homework assigiinicnl. . . . Vv'orking i')r()hlcins cither tor homework or 
for jiisl practice, to learn tlie material 

Required j')hysies and math courses accounted Tor ox er half the j')hysics 
students* total undergraduate coursework and almost all o( their Lij')per- 
division coursework. The courses colonized the students' time outside of class 
and focLiscLl it in a sjK'cific material setting. Students sj')()ke not just ol sj')eiKi- 
ing all their time on j')hysies fnit, as we saw at the outset ot the chapter, ot 
spending it in a relatively small set ot locales. The eurricukim stabilized .students' 
identities as physicists' by creating space-time harriers that cut them otT from 
alternative networks. The lesult was a distinctive socio-aeademie mechariism 
of enrolment" in j')hysics — a way ot siahilizitig identities as physics stu(.lenls 
through alliances: the study gr(-)uj)S. 

Study Groups 

When 1 began my tieldwork my notion ot problcm-soK ing in physics was 
shajK'ei U\ the (. lassii cognitiv e science stiklies ot 'cxjK'rt' and novice* j")roblem- 
solving in physi(.s (set.' Nespor. !99()a) These stiKlies descrilx* problem-solving 
as something that haj'>jK'ns in the head, or at mo.st in an encounter between 
the head aiul a j)eiu'il aiul paper. I'or sonu* reason, probablv because \\\ gone 
through college working mostly by myselt. I easily acce]')ted the idea of study 
an^l learning as an individual encounter with subject matter'. Then the first 
ph\si<.s student I mtei'viewed. Arnolil. disabused ine ot this idea by exj")laining 
that most ot the students in the program studied collab()rativcly in groups. I 
gradually af')aiKionrtl my collection of think aloud* j')r()tocoh -»! ')[")lem- 
solving and instead began to talk to students about the groups .ii d !'■ ^i! in on 
grouj') meetings when I could. 

Although I saw one j')rolessor t/ncourage students to v *...^ether, the 
stud\ gr()Uj')s I saw were stuilent initiati'd aiul organizcLl. The groups emergL'd 
in <.liltei\*nt ways. Liz. a soj')homor(." just beginning to work in groups, ex- 
j')laiiR\l the gi'iu'sis ot her grouj) this way. 

There s a grouj-) ot us that are triends. W'c had Intro C'hemistr\- to 
getlk'i. some ot us w\'re in me<.hanus together, some ol us wert.' in 
lAM together And it IhipjX'ns that we all have this class together, so 
we get together Some ot the peo|')le there aw abided — 1 guess y()u 
<.<)uld consider them jxnt ot the lore grouj-) now. because- ihe\*re in 
oiIk'i i lasst^ s w<.' rc m now know \\(.' K' stiid\ing aini the\ 

com<.' along and study 

.\('s/K)r Ah. (Ik/ vm^ iuuv stiii/v i>r()U/)> lihc tlnit i>i fnirhanns (oul 
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Not ill lucclumics. Mechanit.s wcivn l — well, a lot ol lhosc people 
weren't in nu ineehanies class, and the ones that were, we weren't 
lhat close yet. to get together and .studs ^ onte ol them did separately. 
l>LJt 1 didn't with them. Ah. in KcS:.\h we — had some study groups, 
inostlv before tests though, not e\ eiy week to do the homework. This 
is the hrst time we'\e really had a set time and j^laee that everyone 
goes lo e\er\' week to lIo the homework 

Regardless of the path, hy their third \ ear in the program most physics 
students had settled into a routine of collaborative work. As l.i/'s comments 
suggest, most of this woik focused on hoinewoik j'jroblems. and tor several 
reasons, tiie problems can been seen as a major determinant of the .study- 
group format. 

First, m.struction throughout ihe physics curriculum revolved around 
sets of homework problems, assigned weekly, that W\\ to mid-terms and linal 
tests. This problem work ga\e a cyclical. weekK rhylhm to .students' activity. 
Second, the large number of required cour.ses .students took together, the 
sequencing ot lhe.se tour.ses by prerecjuisiies. and the weeding out" practices 
descriivd earlier, meant that by the beginning of the third year (the Classical 
Ovnaniics and .Modern Physics cour.ses) cla.s.ses were small (about twenty 
stLident.s) and .students were interacting with the same classmates from class 
to cla.ss: i mean, vou could say we form a new group tor ever\ class, but 
there's the same people in eveiy cla.ss' lAliLe) It's \inuali\ the same Igroup ot 
siLidentsl class e\er\' lime' (Karl*. 

I'inally. once the pojuilation had been compres.sed this way any com- 
petitiveness that might have been produced by the strong e\clusionar> pres- 
sures in the earlv cour.ses was replaced by a logic of cooperation. Students 
talked of working together as a necessity for sur\i\ al in the j^rognim. and the 
evKlence. in terms of the kinds of grades they made, suppods that claim, (ilen. 
for exami^le. said that while he 

MUild probabU do the homework by myself. 1 don't think I would get 
.IS g()(>^.l a grade, and 1 don't think I'd get as mudi out ol it. HecaLise 
1 get other people's viewpoints 1 ma\ look at a i^roblem and tn to 
figme n out with a wa\ that's real real difficult And I ma\ get the 
answer Hut soiuebods else ma\ say. 'look, this is a lot easier method 
K I d<» it. or this is a U it easier way to look at it ' And it rcalU helps .And 
also \ou tan help other jvoi^le with \our knowledge And not only 
d(»es that hel|> them, it hel|>s ycai If \ou tan exj^laiii it. and learn how 
t»» explain it to soinebodv else, it jUst s( i uuiih lemlorces your own 
knowledge And I lealK thii^k that that's a good way to do it C.etwith 
a bum h « >l pe* J1>1(' * ^ rlen i 

The j>h\sus siudenis I mterxiewed consideied theii textbooks opaque, 
then leuuies boiing glosses on the book. and. with a lew exceptions, their 



faculty aloot". Several, when 1 asked ihein aboui goin^ lo professors for help, 
lold nie ail anecdote ahoui asking professors for help with a problem and 
being lold something like; 'I did this twenty yeiirs ago, I don't need to do the 
liomework' cXIelvin) or Umd Paul's referring to a tlifferent professor than Melvin): 

I went to him one time :uk1 I said. well. I'm ha\'ing a hard time with 
this prolMem.' He looked at me and said, "well, I solved it twent\ yeais 
ago, now it's Nour turn.' What a jerk (Paul). 

For us tiiese comments are nice illustrations of the stabilit\ and standard- 
ization of the curriculum acioss lime and s[")ace. I-or M\e students they were 
emblematic ot the \\ a\' the piogram [')laced interpretive responsibility on theii 
shoulders. In this context, study grou[')s were a way for students to con,siruct 
a supportive en\'li()ni\ient. As Ainold explained: 

W'e all de[X*nd on each other trom class to class. These tables up here 
on the tilth floor, altliough lhe\' are .surrounded h\ non- majors look- 
ing for hel[^ during the da\-. II sou come up heie at midnight or two 
o'clock in the morning and there's a gioup of us tr\ ing to do these 
problems. A couple of diffeient \ears represented, the older \ears 
i\elping the younger \ ears. There's a lot of that. 

W orking in gioups helpetl .Mudents disci[')line them.seK es to the long hours 
required in the piogianv Arnold spoke of how he and his gi()U[") pailneis 
■forced each other lo ,stud\'. Uut the group work sessions were also social 
occasions that made the work bearable and occasionalK' fun: full of joking, 
j{)ckeying lor status, and conversations that sometimes digressed far from the 
academic tasks. H\" the students' own accounts, the many hours the\" spent 
together in and out of classes and in the stud\" groups created close friei\d- 
ships atiiong group n\embeis and locked them into friendship networks that 
excluded n()n-[^h\sics students (the women, foi' reasons I explore shortly, 
were except ioi\s. hav ing friends unconnected lo plnsics in addition to a core 
of physics friends). 

i^ob's account illustrates the trajecton- of students' inNoKemenl in the 
groups. lie transfeired into the ['>i'ogram from anf)ther imiwrsiiy in his second 
\ear and at lirst had been socially unconnected, lie explained: 

HasicalK- what I'd do. it I knew ainone in the class, then. I'd jusl ask 
then\ if they wanted to get together and study sometime on this sdiff 
.■\nd wc* mainly worked on homewoik and we re\iewed some foi" the 
tests, but ah. il I didn ( kncA\ an\one spei itu alK . llu ii 1 would |ust 
kind ol take pot luck, and maybe the people w ho wei"e sitting ai'ound 
UK', or someone who seemed like they asked a hn ot c|uestions in 
class ai\d knew what was going on. \\\ see il they wanted to stud\ 
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riliiiialc-ly Boh became pan ot" a stal^lc* study group, and tlic iikmhIkts of 
llio group hccaiiK* his close trieiuls. 

Since there's a core set ot courses, you usually go tlirougli theiii at the 
same lime. There turned out to he some courses tluit you weren't 
taking witli your otlier hiends, depending on how they arranged their 
.schedules it was sometimes difterent, but usually there was at least 
one person in \'our cla.ss that you had been in a class \\ ith before. ... I 
studied tor ma\i)e a year to two years with just the same jieople . . . you 
gel to he real comfortable aioimd them and noli get to know them 
ver\' well. And w e \ e all Ix'come pietty good friends. 

These comments suggest that working in gioups was in pari a conscious 
slralegN' for doing well in /)hysics (the students didn't study in gioujis for iheii 
other couises ) 

'lo me. 1 think either you're extremely bright or you're a fool if you 
don t get in a study gioup. Because \'ou .save so much time, simply 
because when you sit there, even if you re Hying to explain a problem 
that you already undeisland to someone, you learn it that much belter 
by exj')lainiiig it. And noli find out what you don't know while Nou're 
liyiiig to explain it. Also, if you re having a problem with something, 
then someone else might ha\'e a different \iew[')oint on it so the\' 
might understand it a little better. And there's also the fact that yoirre 
!iol silling b\- \-ourself for fue and six hours on end, pounding o\er 
a j")roblem — in.stead you sit in grouj')s of four or five and j"K)und over 
them for four and h\e hours (Bob). 

Taken as a whole, the spatial and temporal organization ol the under- 
graduate j')rogram enrolled students in a plnsics network [)y compressing the 
material sj)aces in which their activity unfolded, monopolizing their time, and 
distributing their actiN iU' across other students — and as I'll suggest in the next 
chapter, across material instruments (pencil and jxiper. chalkboards) and arti- 
facts (textbooks). When the j)hysics curriculum succeeded, then, it tied its 
students veiy lightlv to the physics network — but it '.lidn t always succeed 

Partial and Failed Enrolments 

There weie clear iiuentives to participating in stud\ gioups Of the students 
I infeiA iew t'd. those who worked in grouj^s hatl grade point averages of 0 
Ol abo\e (on .1 i 0 s(.,ile). while iIm^sc who worked indi\iduall\ . tluil is, whose 
spatial and temporal relations included jVoj')le. places and limes outside phys- 
it s. had grade j^oint averages below VO The 0 le\el is significant becau.se it's 
usualK the minimum ret|Uiied fcu' admission to a graduate physics progiiim 
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(although it's by no means ihc only .selection crilorion — Graduate Record 
Hxaniination [GRHl scores and letters ot" recoiiiniendation also count). 

All of the .students I talked to were aware in a general way of the aca- 
demic advantages of working in a group, hut some none the less refused to 
participate, and not e\'eiyone who did participate belonged' to the groups in 
the same way. 

Women were marginalized in study group activities.'' It" the groups were 
distributed Victors, their gender was male. All of the women 1 inteiviewed 
belonged to study grou|')s. All of the study groups I obseived had women in 
them. However, the ver\* group processes that assisied academic perfo nuance 
[)ushed women toward peripheral positions in the groups. Tlie pressures weren't 
overt. None of the women I talked to felt discriminated' against, and Alice 
even speculated that if anything, people remember me because I m a girl, and 
so it's an advLintage tor thai reason.' But the nine lo one male female ratio 
seemed to pioduced a pernicious dynamic. .Vlale students monopolized the 
discu.ssion and women's comments and (juestions w ere ignored or noi tieated 
as serious (see Nespor, I99()a). Thus while women were enrolled in the 
j')hysics network and look on identities as 'physics students', they were re- 
legated to a kind of knowledge-weak' identity (Nespor, 199()a). Sometimes this 
became faii ly ob\ ious in the interactions. This exchange, for example, comes 
from one sophomoie pioblem gioup: 

f.iz Gould you do this without putting an m in iheie, just by j")utling 
a K in iherer' 

Mich- iTo Li/., after thinking a momenll iLaughsf What, just putting 
a spring in I here/ . . . ^'()u could, but that would be an entirely 
dift'etent pi'oblem and that's not what tlu'y asked for [general 
laughlerl. 

/.iz Okay, come on [embaiasscdl. 

Mu'k: In fact, it \ou wani lo. what yt)U could possibly do is. well. 

let's see. if you ha\e K o\'er m ... 
A/r Well they also .say springs and masses. . 
Mich: ^'es. I know — okay, well, if you want lo put another .spiing 

under here you'll ha\e \ degiees ot freedom and iwo masses 

and it lealK gels nasty, 
//r: you'll just soKe that tor K <»\<.'r m 

Hours later m ihe same .session I iR-ard l.i/ exclaim: I finally got one 
iK'tore soniebo<.ly lold me how lo do it.' I can't claim this kind ot deflation ()\ 
sclt -con fide n<.x' was shaie<.l Iw all the women in the program, but it was wide- 
spieatl l-.w-n .\lice. a s^^-nior (.ruising ihrtuigh iIk' cuiii<.uluin w ith a .1^^ gia<.le 
p( )!nt .i\ t'l.igc. l( >ld iiK' 

I don l liav<.' tjuile as natural an abilil\ as I think a lot of other people 
do Some woiiK'n. bu( more men. 'Ihere's lusi moie men in physus 
lis an incuxlibK. o\ eiA\ lu'lming majorilv 
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Mosl oftlic women in the program were either uncertain about continu- 
iiig in the field or had decided not to. Dehl^e, a senior, wanted to gel into the 
astronaut program rather than continue in physics. Liz. a sophomore in tlie 
tniddle of the weedout courses, teit under a lot of pressure and \\ as thinking 
of .switching majors out of physics even though it was her main interest. And 
when Kelly, a classmate of Li/s, said she didn t want to go into academia her 
explanation was \ look at my pliysics prc^fessors and I say: Do I want to he 
like this?" No." Any interest she would have in j-)hysics, she explained, would 
he in leaching it: I would only do it [become a professional physicist | ii I tell 
like I had a real talent for being able to get things across to people.' Similarly, 
Alice, who did want to continue in physics, said the thing she looked fonvard 
lo iwnsi in graduate school was being able to teach. None ot the male students 
mentioned teaching as something they wanted to do 

Pm of the reason ft)r this di.senchantmeni with the discipline was lhai the 
space-cv)mpressing and time-greedy nature of the curriculum siringenlK lim- 
ited the lime the women could spend with female friends or male friends who 
weren't phvsics students (as best 1 could tell, the wohien in the program did 
not band together or work logcthei ). Just being /;/ ibe lield cnuki compromi.se 
ones social life outside ii, as KelK explained: Some people are shocked: 
•>'ou're a phvsics major?" and then the conversation kind oi'lags.' Hven when 
the women could work a second shift' to build a social life, ihe long-lenn 
irajeclon of a physics career put Uemendous stresses on it. Alice, lor example,' 
described her situation thus- 

I'm dating somecMie now\ but I don l cxjxvt anyone lo follow me oil 
to wherever 1 go to grad .school. Wisconsin is a possibility — 1 mean. 
1 don l even know if I want to live there for that r^umy years. It s juM 
not considered the thing lor a man to follow a girl .somewhere, wher- 
ever she decides to go. U s usually the other w ay around. And 1 ju.si 
couldn l see settling down until I get out of grad school, 1 just think 
it would be real hard. It s .son of weird because a lot of my friends are 
beginning to think, you know, friends who are engaged — are ihink- 
ing It s sort of odd becau.se 1 don t have any thoughts ol' thai. Sori\, 
1 ha\e at least six more years f ' ^chool 

Alice s plight w as the con.seciuence not of simple disciiminalion but of the 
wa\ j^h\sKs js a discipline j^iocluces a highly restiicted and (.ompressed .soiial 
sjXKc in Older to stabilize activiiv across \-i.st distances ol j^hysi. .il space. The 
undergraduate program moved students towards the discipline 1' compress- 
ing their spatial practices, but the trade-oil for being able to mow fa.st and lai 
wilhin the netWMik w,is m u being able to move in and out ol it veiy easily 
Ttu" netwoik iKrlt. b(A\e\ei, sticitlied .uioss m.iiu iinnt isiiics as light ,ind 
hc-inietic as the |>iogram space seemed it was open to students Iroin ph\sKs 
piograms at other instiuitioiis. and it exj^licitly prepared students loi oihei 
|)ingiams ihis kind ol network re(|Uirecl .utors who could move across the- 



distances it organized with rehuiw ease not only lextually (as we'll see in the 
next ehapter) hut bodily. Women's bodies, as Alice s comments suggest, were 
culluially constructed as less mobile than males, or rather, their mobility was 
seen as dependent upon the mobilit\' of males. 

The women in the piogram, then, were only 'j:)artially enrolled' in the 
physics actor-network. Overwhelmed numerically in the program, marginalized 
in the study groups, socialK' isolated, women might succeed in finishing the 
program with good giades, but seemingly at t!ie pi ice of their identification 
with the field. 

Some men in the program were only partially enrolled as well, but for 
different reasons than the women. Instead of being marginalized in the stud\ 
gioups they declined to participate in them an^l developed other enrolments 
into the physics actor-network. Their social backgrounds played key roles in 
sbaj")ing these strategics of pa it ici pat ion. 

Most of the students in the j')r()gram lat lea.st, I should sa\', most of the 
students wIio'lI suiviwd to be seniors) came from quite aftluent backgrounds: 
both Arnold and Hric had fatiiers v.ho were executives at major computer 
c<)r|)()rations. Luke's lather owned his own software company, Alices father 
wa.s a supeiA i.sor lor a .state go\'eriimeiit commission, and so on. There were 
two students who came from working class' backgrounds: Paul, whose mother 
did 'clerical work' (his father had died when he was in junior high), and Lem, 
whose father was a truckdriver. I'nlike the other students I interviewed, both 
cannncutcii un.solicited, on their jxirents* occiijxitions. Paul, for example, called 
his mother's work excruciatingly mainstream' and explained his interest in the 
experimental side of physics in terms of his repugnance lor the kind of j')a[^er- 
focused work she clid: 

1 think that's pail of my repulsion to that. It's .sterile. Non-inspiring, 
non-stimulating in an intellectual way I get a lot ol feedback in what 
I lIo. what I lIo with my physical self. I get a lot ot feedback in the 
way I feel emotionalh and intellectualK also. And when I find things 
out of the ordmaiy that require thinking about things in an uiiordinaiy 
way. then that's stimulating all the way around. It keeps me interested 
:nid thinking. I like that ( Paul). 

I.em tried to explain the disct )nt!iuiity between Ins trajectoiy though schools 
.ukI his parents', prov iding an elaborate explanation of how his father and 
mother could be intelhgent' e\eii tln)Ugh they didn't have high status jobs: 

M\- datl is a truckdri\ er. w liich in my ( )pinion is .i real shame. 1 »ecausc 
he's an intenselv bright individual. He has no problem figuring things 
(Hit I'm not saving I'm bright I'm not that com cited. I don't know. 
ma\be I am. maybe I'm not I just ha\e a gift for (iguriiig things out. 
ami he has that same gilt I know he's intelligent He's just ktzy. 
In high school he used lo get l)s and Cs because he never did his 
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lioiiK'Work — nol Ixviiusc lie did badly on llic lesis, he did well on 
llie lesls. he jusl never did die homework., il was boring. He'd 
ralher go out and play wilh hi.s friends or whatever. And he wasn't 
interested in going lo eollege. He doesn't like school and I can't blame 
liim. My mother is also a ver\' intelligent woman. And she's much 
more intelligent than .she allows people to think. I don't know why. 
li s nol like my father disccnirages thai. He's always yelling at her, 'oh 
come on. don t ask me, just do il', but for some reason she seems lo 
lend lo — I don't know, in a crisis she will siand up and jusl do what 
she wanis. ixit a lot of ihe time she will defer lo other people for some 
reason. I don'l understand why. I'm nol like thai at all (Lem). 

Whal makes these kinds of tominents interesting is ilie way they contrast 
wilh ihe olher physics studenis' answers when I asked them what iheir parents 
did: Hal descriptions without commentaiy. But if Paul and Lem felt estranged 
from iheir families in some way. they had not aeculturaled' lo the physics 
piogram. noi did lhe> seem lo w ant to. 

Holh. although ihey were aware of the benefits of group work, e.schewed 
parlici[")alion in sludy groups. Mlsev\ here I've discussed their decisions in terms 
of Bourdieu's ( 19H6) notions of cullural capital, arguing that their lasies, interests 
and slyles of interaction made ihem uncomf()rlal')le working wilh the upper- 
middle class males who dominated the groups (Nespor. 1990a). Here I want 
lo highlighl how the spatial practices of ihe students attached them to the 
ph\si(.s network in different ways than their }")eers. 

Paul bad done j')ooil\- in high school and en<.led up going to a stale 
technical in.siiiute' (a kind of trade school) where he trained to be an electron- 
ics lechnician. Finding work as a technician unsati.sfying be decided lo gel a 
universily degree in pliysics (though the university refused lo give liim credit 
for his technical institute courses and forced him lo begi-i in the freshmen 
courses) His low grade average noiw ithsianding. l^aul s technical skills (juickly 
gol biin a job that mo\ ed him into the spaces of physics practice earlier than 
his peers. Tnlike mo.st of iIk' other urulergraduales, who linked themselves lo 
physic.s through textual practices (in cla.ssrooms and problem-solving .sessions), 
Paul won a niche as a device-maker in an experimenlalisi'.s lab: 

I'm iiukIi ahead ot my conieni['>oraries, jusl by the iacl that I've got 
a two-year decree and can design electronics In physics thc're's nol 
A lot ot coursework designed to fanuliari/.e pe()[')le wilh electroiiKs 
Thcie s oiu* coutsc m the undergnidualc c urric ulum, juaybe two, but 
they ii- niiike\- p.imu.sc*. by and large And so 1 can design things, 
and thafs helped nie out immeiiselv 

Paul avoided the c)ihc*r siudcMils in his classes and expluilly leicHted the 
slucK group formal lor doing pioblems lie worked alone al home or in his 
( »llk e spac e ,u the lab 



i don i LMij()\ iiilcicUUi\u w ith iho undcrgruLkiaics m j'>h\sics i'ieciui.sc 
ihcy Uaw a \ c\y uiisoj^lusiicalccl \ ot j')hy.si<.-.s. 'I'hc\" ha\vn"l ever 
done 11. VikI I (.an he as snobbish as 1 like, so lo wiili Ukmu . . . 
So wlicn It (.oiiK's lo soK ini; j-jrohlcm.s. 1 doii l :alk to people. If I can t 
get a problem I c on.sitler ihai a perso.nal tailine, and i w ill ju.st work 
hairier on the proi>lein. 

Paul made poor i^iatles in pari, as he saw it. beeau.s<-' he aj^j^roaehed lite 
dilteiently than oihei' j^hysie.s un(.lei\uradiiates; 

I lo e.Xj'JerinK'ni an^-1 i;el lhin,us th<il are really ouisitle ol the physies 
train ol ihoughl. ju.sl beeause you ean beeoiue. aiul this hapj^ens lime 
and lime again, j^eoj^le are so eoiuj^leleh" monomaniaeal thai they're 
jiisi geek\' idiots that know ik Jibing about anything but how to soUe 
the SL hroedinger equation or something like that. Aiul tlK*\ 're not ablr 
to earry on a eon\ eisalion to peo|>h' that out.sitlc ot tlK'ir fjckl. Am^l 
1 think that's realK a shame The\ 're )U.st not well-rounded. 

Nome i>l the other male siutlents in the program were scn.siti\e to this 
kind ot erilieism. Arnold. lor exampk'. iiiatle M a j^oinl to tell me that a lot ot 
ii-^aie qiiile in\ol\'ed with intramural sports, do a lot of that' (though still with 
other pln sit ists' ) but the mainsiieam male students like Arnold were, at least 
in m\ intei\iews w ith them. \er\ insulai. speaking trom the peisj^eetiw ot the 
pr(»gr.iin Paul and Lem. on the other hainl. w\Me ojX'nly critical ot aspects ot" 
the progr.mi. and oui t ( >n\ ei satK nis r.mged nuRh nioit- wideK o\cr iumi- 
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.VloiK' among the undergraduates ! inter\iewed. Paul had his own sj^ace 
in .1 lab ( sp.it (.* iisu.ilK iesei\"ed lor gr.ulu.ite students, posi-docioraies, and 
j>i()tess( Us ) and .issocuited inainK with gr.iduale students His experience 
working in major l.ibor.itories lett bini feeling th.tt the lemj^or.il oig.ini/.ition 
ot undeigr.idn.ite lite was simj^K unre.ilistic . 

jln llie undergi aduate piogianil \ our time tr.tmes ayc «.li\ided up ( )k.i\ . 
I've got a semestei .md 1 \ e got w eeks and I \ e got classes .nut it I do 
do It 1 can do good Ol bad ' .\nd e\er\thing is \ ery comjxntment.ili/ed 
.ind \oui time trame is — e\er\thing is done tor \ou. '^'ou cm lead 
\oui lite mindles.sly And you can sii .itul think and eat and sleep, and 
that s all \ou re.dly h.i\e to do l'.\ei\ single lime tiame. time dimeiv 
sion. IS tigured out ioi \ou .\ncl llie real world ot doing science is 
( oni|>letel\' ditlen'ni Iiom {h.ii h.j\e lo sci up \oui time tr.imes 

» omplelcK loi \i )uiselt .nid it \ou do it \m )oil \ . it \ our time liames aie 
.1 liltle too l(»ng. iIkm \oU get ( .llled « M) the t.llpel b\ \oUl supeilois 

The othei w oi king t lass siudeni. lem. used teims siniil.u to Paul's to 
dt'si ube olhei j^li\sus students 
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Most ot my tVicnds arc not j-^lnsics MiKlcnts . I Most pinnies sliidcmsl 
arc \cr\- inirowrtcd aiul like all ilicy tliiiik alH)iil i.s |>h\.si(;.s, all ilic\ 
warn to lliink about rs phxsics. apparently. \'ou caiVl strike a (.-oiiwr- 
sation up with thcni ahout nuKh else. 'Vhcy to ix' (luict and just 

baMcallN l^orinj^. . TlK'y sit in libraries with books ant^l read and 
tiiaf.s ixM-ii^u to nie. Thert^'s a whole workl out llK're and \ou ve i;ot 
to try and experienee it. in niy opinion, to he a well-rounded jx-ison. 

Leni (.litln t work in et)niplete is{)lation. howe\er: uhno.^t alone anioi\u the 
students 1 interMewed he sj^oke of ie,t;uhuiy e(MisLiltii\u with professors (not 
neees.sanl\ tluvse honi w hom he was currently takini; courses) about his work, 
of luivinti found several w ith whom he could talk aiM)ui problems. 

B(Mii l^uil and Lein. then, had found niches in what was usually latuity" 
spa<.e Wiiilc this ina\ have i;ivcn them more niaturc' or wcll-rouiHlct.r 
oiicntalions to ph\sn..s in some sense, it left them terminally maruinali/.ed. with 
no routes t(^ hiiler j^artiupation in those sj^a'.es. Uy doii\^ their ^.tnirst^'work 
independentK oi olhei students. l\iul and kem were nc\er enrolk\l in the 
distiibute(.l auors' that {populated both the graduate and j^rotessional levcLs in 
piusics. Lcarnin>i lo work as the ineinber of a team wa.s more than a strate.uy 
tor a<.\uleini<. sikccss. m was .m .icconi|">lishment that bc.uan to sluqx' stu<.lents" 
<.a|\icitics lor paitiupatii\u in the dominant forms of soeial relations in the 
piofc.ssion.il work of tlx" ficUP Paul was. at first i^lancc. an e\cc|MioiK but the 
nil. he he iiad c.ir\e(.l tor himself in the labor.itorics w as a stiietlv subordinate 
OIK' Insteat.) (^i collaboratii\u on the dt^'si^n ot e\p<.'rinK'nts he nuule (.Icmccs 
f(»r tlx'm to othcis' sjx'cilu aiions lie w orkct^l /o/' t».Mms lather than as a mcin- 
ix-r ol ihcni. 

It was siiikii^u. in tat^t. that in adt^lition to Paul and Lem. all ot the women 
I iiUer\iewet.l e\<.ept Debbie (who w.tnted to be m the astron.iul piogram) 
pi\'teri\'d tlx' c.v/>c/7/>/(V//f// sic^k' ot plusies to theory . and that these were the 
onl\ students .nuoii^ those 1 intcr\ lew (.\i who lia(.l (.U'cuU'd on tlu' 
experimentalist loutc beaslev and Jones ( p;s(>. p .-^S) ar,uue that this predi- 
k'Uion tor thcoiA ' is (.ommon .imoni; c'nterinti i^raduate students m physus. 
something dx'v attribute to a lack of ineaningful l.tboratoiA e\|x'rience' a( the 
undergraduate le\el Hiis is a plausible exjManation (the laboratory conijM)- 
iK-nt of the program 1 studit.'el was w\'ak compared to those ot similarly rankc(.l 
programs, and the most prominent faculty members were theorists), but it 
IS also true that the siuck'nts who chose tlx" non-thcoretical cmjMiasis wcu' 
.ilso the ones marginali/et.1 and self-excluded from the woik grouj^s. suggt^'st- 
mg that the grouj")s tt^steu'd or at least supportt^l the thcoreticar orientation 
towai<.ls ph\sRs It was this orientation th.it Alice. c\cu though she partKi 
paled 111 tlu- -ludx gioups and, made \<.'i\ g' >m J gKuk's. seemed to tcrl herself 
uncquij^pe<.l t( ) puisne 

I don I lia\c the mmd to want to sit .md do abstiacl reas(»ning \\ hu h 
js what thcorehuil ph\sKs is to inc 1 me.m 1 tan t sc.'e the (onneuions 
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as well iK'twwii iIk' itlcM.s. I'd rallicr do how docs tlio tlicoiA' dppW 
U) llio real world?" ! doii l roalK wani lo sil and dcriw now ihoorit'S. 
I want lo I CM lliciii. 1 want lo sec whal llicy do/' 

I rcUiin lo ihc issue ot how v^roiip W(.'ik shaj^cd suidcnls" praclice of 
physics in ihc iiexi t haj')ler and siiggesl iheie lhai ihc suidy ^roup was a social 
space siipj")oiiiiig j-janiciilar rcprcsenuuional productions of S[')ace-liiiie: pro- 
ductions of disciplinaiy spaces on and in [:)aper in iiiatheniati/cd, abstract" 
forms III hiief. as students iiio\'e(.l ihioui^h the plu'sics curriculuni representa- 
ti()ns ot iealit\- becaiiie nioie and more detached from the spatialily ot evei'N'- 
da\' practice and hence il became more and moie important foi" there to be a 
c()hesi\e network — like the j')eople. te\tb(H)ks, and problems that made up 
ihe sUkly ^i()n[")s — to maintain and entorce ihe representational practices that 
produc ed the space. 

The ieainiiig' that took place wasn't a matter of internali/inj^ knowledge 
— - as Luke {'pointed out in his explanation of grade normalization earlier, pass- 
ir.g antl tailing wcreii l necessarily connected to knowing anything — but 
neither was it a mailer, as La\e and W enger ( 1991 ) would argue, of [X'rtorming 
authentic physics at the peripheiy of a coinmunily of j'Jractitioners. They sug- 
gest, for exam file. thai. 

. . There are \ ast differences between the ways high school j^hysics 
suident.s participate in and give meaning to their acti\ ily and the way 
pr()tessi(iiKi! [")h\ sicisls do. The at'tual rcj^rotlucing community ot prac- 
tice, within which schoolchildren learn about physics, is not the com- 
munity of fihysicists but the communit\' ot .schooled adults (is (his a 
\oiunmnily' in the same .sense as physicists constitute a community'f'l. 
Clhildren are introduced into the latter comnuinity (and its humblt.- 
relation with the former community) during their school years, 'ihe 
icproduclion c\'cles of the plnsicists* community stail much later. 
j'Jossibly oiiK in graduate school ipp 99-100). 

but this hue ot argument works onl\ if we accept an atem['>oral and 
(.lesj-j.iiiali/ed concei'Jlion of ■community " The tact that high schools and under- 
gradu.ilc colleges are instituticfially separate from graduate or professional 
j^h\sics doe.sn i mean the realms are unconnected: they are, in fundameiitalK 
impoilant ways. As I showed earlier, where \'oii attend high school is crucial 
to your chances ot becoming a [")bysicist. The fact that undeigraduale sludent.s 
(or high school stutlenls) aren't doing real' physics doesn't mean that whal 
ihev re doing isn't an es.senlial part of the trajec-tory to doing 'real' ph\ sics. Nor 
IS a the CISC that high school and uiuk'igraduate j^iogiams aie sim[^ly allocalive 
uiechanisins sorting students, they were also. crucialK". moving .students into 
contigurati( »ns. distributed actors, that i oukl mo\e w ithin and work upon the 
sj-^ace time of the discipline 
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Tins tlislnlnilioii o\ sukU.miIs m Mclor-nctwoiks is a iictvssary \xu\ ot'llic 
process by Nvliitli iIk* discipline assures (he use arui inielliit;il'>ilily of its key 
ri'presenialional orgaiii/aiioiis of space lime. \X'e can giN'e a kind of answer 
now to the (juestion I.alour ( I9H<S) asks; 

What is this societ>- in v\ hich a wrillen. pnniec!. niaihenialical lonn has 
greater credeiue. in case i)l\k)ulM. llian anything else: common sense, 
tile senses other than vision. [")oliiical authority, tratlilion. and e\en 
Scriptures? (p. SI). 

It is. in the case of the physics program, a narrow society of" [">eople hound 
together by light social ties and spatial i')raclices that compress the world into 
small material s['>aces strongly hounded oft from other social networks. And 
now We can turn to the second cjuandan' Latour j')rovides- 

Most ot the 'domain' ol cognitive psychologs and e]')islemolog\- does 
not exi.st but is relatetl to this strange anthropological puzzle: a train- 
ing (ofteti in schools) to manii")ulate written inscriptions, to array them 
in ca.scades. and to believe the last one on the scries more lhan anv 
evidence to the contrary (Latour. 19.S(S. pp. SI -2). 

In the next tliapler I will examine how this training was accom|)lished in 
undergKkluale p»hysiv s 



Nt>tes 

1 lU ilu-iMii\ l*)(>Us, iwi'iiu fi\ instiluiions rt\ 'jswd aliiit >si ()0 |H'r t rni (»f .ill feck i.il 
tiiiuling t<n pliysiis (Kevlrs. 1*^^^. pp .V)() ~1 

1 There t.s v.iiMlion iiaiKnuilK in the number jnd ot labonihuA courses olleied 
h\ uiuk'igiadu.ile ph\sK.s pioi^ianis. .nut in ilie .iniounl (»1 eniph.isis j^j.ued oit 
(|u.inturn .is ( >pp( )sed l( > cijssjt .i| ph\ sK s ( l^li\ sk s sur\ e\ c .oniinillee. \^rj.. pp ^(y^ 
f>) .As uiKleigKulujlc pioy^ianis ai siniilai insiiikiuons y^o. ihe one 1 studied had 
rel.iiivel\ light labtn.iloiy iet|uiieiiienls 

^ Xintmy^ llie pli\ sKs students I inieiA leweil all but [\\ n h.ul l.ikeii plixsns .iiul ealui 
lus in atflueiU liiy^li schools. AtleiuLiiKe Jt suth stlmols .ilso iiuie.ised sUuk'nls" 
.mess i(> uni\eisii\ pioduieil pli\sKs uiiiuuLi sutli as I^S.sc■ .md I'lojeit Phvsus 
\i I ess u > su( li pi 0141. 1 Ills sUoiiLiK intlueiu ed the likelilu u kI i >f students i-nti'iing and 
coniinuiny^ m plnsus as a laieer Thus while only aboui 9 j)ei lent ot I '.s lii^li 
s(liiK)|s otieied llie I^ssc pio^^Miii .iiid onlv alxml H pei tent the Piojetl Ph\sji s 
lUiinulum, sludenls with .uiess tit these pnn^i.uns wtie <»\ei lepie^enleti .iinong 
iiictsr who L\ eiitu.ilK ie(ci\etl M.uhelois 111 j)li\sKs AbtMil J'l pei tent ( »! the 
up.vk'ii'i.idu.iti s who e.iined U.u heloi s dev^iees in I'^S^ Hi li.ul t.iken I'ssc m In^h 
s< liool. IJ pel I inl had l.ikeii I'lojett Phvsu s ( j'allMiul aiul I.iiulenk'Id. p Ti 

I riie peueiu.ige is h.ised on an ex.iiiiiii.ition o| the tianstnpis (^t all pli\sus y^i.ul 
uati's .It the uni\eisit\ ()\ei .1 one \eai peiiod W le.ist one piotessor justilied the 
liiy^li f.iiluH* i.iles 111 ilu- intiod"Utoi\ iiniisi-s bv .in .ippi'aj to histon 
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W Ik'H 1 w.i'^ jn uiuU-rur.KlLiaii.- in plusK^ our t\rM a-al (.ourso, iliis \\\is 
Ixick in U^SS. this w.is iIk* fusi up|XM' division ciHirs<.' tor physics majors, 
the hfsi ihjt r<.MlK- Lis<.'ci j lot c^fcaULikis. I rcnK-inhcr SO pcc^plc in ii . . \\ 
was a two-Ljuark'r courst.'. Hk- sc^^ond qua ilcr ihoiv were' fiw. [The attri- 
tion ratcl is university' intli.'pi.*ndi.*ni. ti.\k her indcpondont, course independ- 
ent, as lonj; as the course was ot the le\ el ot sophistication tliat the normal 
physics course.' is 

S The consumini; character of w ork in siicli hekU is s<.vmii\nK- iiHlepend<.'nt ot one s 
interest or commitment to the disciphne Hackei (1989). who was studyini» engi- 
ncerint; proj^rams. lepons iiow she tound iier > It' nei»lectini' her other responsiliil- 
itie^ and dexotini; all her asaihihle time to stud\-. This experience i.s reminiscent ot 
Huiawoy s ( 19^9) experieine ot' "making out" on tlte iinlustrial slioptloor. o( Ix-ing 
i.ipture<.l In- the game ot' work almost against one s will 

fi TIk- pr()gressi\<.' geinler s<.-gregation of plusics began m s<.'condai"\- scho^il and 
miensitied o\<.'r tlu' years 

.MtliMugh one third of all high-school graduates who have taken phvsics 
aie woiiK-n. only 1 \ per cent of the physK s l-ia<. helor s ciegrees aiv aw\u\le(.l 
to women Women repiesent a small percentage ot ph\ sics giadLuite 
students aiul tewer than H per cent i »f the new docti»rates were earned 
in- tlK'in (porter and c./uiko. 19H(\ p 

The pr( messes I t^lest. rilx- at w(nk in uiHlergraduate e<.lu<.ation mas' be quite ditfeivni 
tjoin tliose III public school (jr in gra<.luat<.' sehool 

Mthough sonie (.tuiiinentators on woiiK'n m scieiHe ediKation (Hea<.l. 19S*>. Sniail. 
19S^) diaw on Cilligan (|9S2) and l.ever tl^rC)) to suggest that women are dis^ 
ad\ .intag(.'(.l in (.-ompetitist.' gioup aciiMties becaus<.' of \alues or de\el<)pmentai 
taitois. I would eiiipliasi/(.' instt.\Kl their tok<.'n stjtus in the groups as the key lai^tor 
ill the constiiKtion of their uk'iitities ,is know k\lge-weak <cl Kanter. I9^S). |-oi 
lese.iuli tasting douin ^n the geneiali/ahilit\ o| l.e\ers arguments, see Cioodwin 
I pJHSi and 1-der t iq'^O) 
S \U nioi-\-. Arnold. Stewart and h»rnes ( 19SS) anah/ed authorship, pjttems m nine 
t'lekls (nio(.lern languages, philosopln. politual science, business. <.lisciphne psy- 
chol'>g\. botam. education, t heniisti^ aixl plusRs) ,uid t'ound eollaborative etloris 
to be nuu h nioie common in plu sics than the other tields This appears to represent 
a trend <»\er time H\ IWI the a\eiage number ot aulhois lor papers in I'hysKdl 
Kcncu iK-ttrrsw.x^ i ( Meiiioiv e/ f// . i9<sS, p ^-oi In Pri it lud been onK .! i^. 
a Kl.iii\el\- small isse o\er tlR- a\t.'rage ot I in 19V) (l^rooks. prs. p lOS) To 
some extent, the rise m collaborati\e woik letleUs (.hanging emphases in the i>jx's 
ot pin su s being done l or example, the 19H1 a\eiage number of authors ( >f papers 
III ihe ajeas < >! Iluids and plasmas was onK' S 1^. in eleinentaiv p.irtu les it was 1 1.^ 
(and tt'i exp<.'iiiiK'ntal papeis m ek'meiitar\- parlKles it was iSn.'^) ( M<.'moi\ e/ dl . 

\s\l(.nii)i\ and his 1 1 »lleagues aiiiu^.'. The t ost oKli mig experimental 
us(.iuii 111 ph\su s IS pr(>babl\ the chicl lea^ toi this collabt hjIioii l\-onomvi)l 
s(.ik- loinpels lesraulK'is t() sh.ue stu*ntifu . quipmcnf (p .!'"(») 

KleppiU'i ( 19X^^1 notes that small scale group K'searJi - a tew graduate stu- 
dents wDiking with a pn)t<.'ssoi oi i\ se \\\ Ik-i - is still the dominant l(nm of liaimng 
ti A ph\ sK i^i.iduate students 'ho estiinait-s it t h.iiat teii/i s the tiainmg .»! alxnit ^n 
pii lent ()t giaduati- students m ph\susi (Klepj>nei. I'^SS. p 8^) 
•) Keadt I I.iiiiiliai w ith s.ilK IKukei s ( l<)H9.199(ii w oik on kMining to be an engineer 
will lia\<.' ni>t<.'d sDiue snnilai ities and loiitiasts to hei a».<.ounts This might be a 
Uoi)d pKue t() iiu ntioii them The pli\sKs ))!i»giani 1 studied was not as uMnpeliti\e 
.IS liaikei s <.'ngiiK\i 111)1, not w<.ie stutknts woiking on piobkais with ileal .iiid 
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Miii^Lilar answers, working ■i<>\\\n\l the icsl and not LuulcTsiancling ( \ pp. il. 
i2» I never >a\v an\ of the loking ( IWO, pp 118-20) ihai Hacker <.ieseriiK*s. In 
<.(>ntraM lo ihe fetishisni an^.! eroli^. ization ot" technology in engineering. phvsic> 
sludents pn/e<.l iheoretital' skilN (again, lliis ^.-oLilcl Ix- a tunciion of th.e particular 
<.ullure of lhi> program). The Miiiilarities. Iu)\ve\er. are )List as strking: the gree(l\ 
nature of the curri<.Lila. the inelastn.ity of time as Hacker puts it. an<.l ihe 
maihenutJ/ation ot ilie fiekl create^.! a \lail\- experience Ithatl reciuiretl control of 
seiisualitN . the emotions, passion, one s very physical riiythms" (1989. p Sd) 



Chapter 3 



Connecting Students to Practice: 
Mobilization in Physics 



Scfcfilists slarl seeing sofiiclhifif^ oiuc ihcy siop louhiti^ at nature and 
look* c.xcliisiiviv afhl ohscssircly at pn fits atui flat inscfiptiofis (Latoar, 
l9H()a, p. 10). 

I'hc total anion tit that a j)hvsicist hnoivs is ivty little He has only to 
renietuher the rules to i^et hi)n from one place to another cnid he is 
all rijL^ht (RynttiatL /*X)5. p. 45). 

Pliwsics was a Miiiggio tor nic. I collected textbooks during the fieldwork but 
1 eouldiVt read' tlieiu as ! read other books (nor, as it turned out. could tlie 
students). 1 could follow' the lectures in the lower division classes but I'd 
forget c|uickly and I never knew how to start the pro!>lenis even when the 
inaih antl concepts they retjuired were well within niy grasp. Students let me 
come to their stud\' group sessions, and occasionally the\'d stop to repeal 
something for me. but a lot of steps in the definitions and .sc^lutions of prob- 
lems went un.stated — they involved conversions and transformations that 
students look for granted — and a lot of the discourse' took place through 
t|uickl\ scribbled, then re\ i.scd or erased diagrams and ecjuations that I couldn't 
copy down imy audiotapes of these sessions were usually useless and I didn't 
ha\e the resources to videotape). 

I had to keej^ reiuinding myself that I wasn't tiying to 'imderstand' plu sics 
or nianagenienl the was the .students did. lo do that I'd have had to enrol in 
ihe actor- networks of the di.sciplines my.self (not ju.st take or ob.sene the cour.ses. 
but Ix'come a physics major) — and what I was trying to do instead was 
uiuleistand how the students ^o/ connecteii U) those actor-networks. In.stead 
ot tr\ing to inteipret or analy/.e texts — books. j')roblems, or whatever — my 
interest is in how texts and their uses produced spaces and times and sjxitio- 
temporal illations. I "ndergraduate physics education was st attered acro.ss a set 
ot heterogeneous lotak's - dejxirtments, j')rogiams. t oursc's. classic ;< )ms. labor- 
atories lo oigani/e tlu'sc- sp.ues into the kind ot 'network thai could connect 
students to tlows ot disciplinary practice, activities in one space had to be 
tianstonned into rc'pre.sentallons that could be .sent across space witlioul chang- 
ing much They had to be mobili/cd 
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A Chain of Mobilizations 

Physii's consists in part of discipline-specific- representational technologies Ibr 
consiniciin^ piienoniena and spaces and times that are not accessil)!L- in our 
everyday lualerial spatial practice. In [)r()fessi<)na! practice machines play a 
critical role in these processes (Traweek. 1988), hut at the undergraduate level 
of education most of this work is still done through writing. >X riting produces 
its own spaces. Textual practict-s can inobili/.e the di.sparate, widely-scattered 
phenomena of eveiyday material practice and bring them into a wt)rk setting 
and under the control of practitioners. Textual piactices can al.s(^ create spaces 
aiul limes oulsitle everyday practice — the space of dreams. poetiA'. cos- 
mologs', quantum mechanics. In physics education these two u.ses come to- 
gether. The eveiyday world is mol)ili/.ed and then recon.siructed in an esoteric 
l( )rm. 

Insiead of talking about students learning' [-^hysics, then, I'll talk about the 
pathways and trajectories that entangled them in the discipline's representa- 
tional productions ot space-tuiK'. Although this entanglement didn't make stu- 
d.enls practicing plnsicists in an\ sense, it did crucially connect them to the 
discipline The metlia ot thi.s connection were the textbooks, noletaking. ami 
problem solving practices that involved the students in the use of t-tjuations 
aiKl nuuhetnati/ed representations and mobilizations of the world. 1 his pro- 
ces.s wasn't something that ha|")pened all at once. In.siead, .students giaduallv 
niove<.l into (ilu sics acros.s the years of their acadeiUK careers. 

The ri'presentalional organization of space-lime in the physics prognim 
was Iniili through a recursive network ol courses. Sluclents coxeied topics m 
iueUianics' and 'electricity and magnetism' three times: in the two lowei di- 
vision introductory courses, in the upper-division tlas.sical dvnamics' and 
\lassi(,al elect rodynami<.s' tourscs. aiul then, as AIkv |")iit it. when you get to 
be a gratluali' Istudentl \()U do it again Three times '' Instead ol seeming 
repetitive, students and iacult\ .said that the second and third pas.ses through 
the topii s treated them at 'tli'eper' levels In one (■)r( jfi's.sor's words: 

S(u<.UMits <.an gel .i sucjerficial uiKk'rsianding of the topics in their 
(u'shman \e,u. but llu"\- re not realK able to apply these concepts; in 
lai I ihex're not e\en aware how super! icial their understanding was 
until thev lace more diflii ull problems later on 1 find that mo.st of tlu' 
siudiMils in Uass sfein to teel that they're encountering tiie topics 
lor the first time. e\-en though they had llie basic concepts in their 
liist y<.'ar or theii second \ear . In fact, in m\ own experieiue as a 
sluck-nt I ie<.all I didn't lealK feel comfortable with dassical iuechani<.s 
e\en afti-t nui'mng m\ ThD and 1 was hoiiilied to kMrii that m\ 
liist teaching assignment was ilassual me(lianics at the introducloi\ 
and intermecliate levels It wasn't until I had several yeais of teat h 
ing exjH'rieiue at those Icm'N that I found ins sell comloriable with 
nu'chamcs 
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\\ iili cull oncounior topics \\c\c conMiUUod in iiuivasiiiglv iiiathcinali/cd 
tonus thai squcc/cd iho world into a diamond of numbers. When students and 
taeully talked of a deep as opposed to superfK iar understanding tiiey nieanl 
a mcalx'nuiticcil undcv^umdiny:,. One of the students. Bob, >^a\v this analysis: 

Like with (introduetorx) electricity and magnetism wed jusi have a 
basic algebraic equation: and with the class I had in classical electro- 
dynamics we.. ..stalled off with a stationan' electron, and derived 
evcr\thing in static elearie theory. And then we made the electron 
move, and then w e derived all of ih rest of electrodynamics from a 
single moving electron. And you learn so much more. I mean, you 
clcrirc' all the algebraic equations. And it was a lot more complex, and 
it was a k)t more difficult. Hut ii was also a k)t more interesting. I. . .1 
It was mainly you k)ok at everything at a deeper level. And instead of, 
say, looking at hoir is it — oh well, it s done this way — you look 
in{)re at why is it — and it s done this way hccaiL^c of the.se things. 
And the same goes for the classical dynamics. That was also a veiy 
interesting course. . . I don't th.ink we covered a whole lot of different 
phenomena If'om the lower-division courses], but we mainly just k)oked 
at them at different levels. We looked at. ah, LaCirangians and 
naHiilt<uiians, all of lhe.se in classical dynamics. And you start k)oking 
more at the energy in the system, where vou looked belore more at 
iust, well, we looked at, well, the ixMuluUim would .sw ing this way — 
and it just swings that way — and well say, well, we know the 
ju-nduUim swings that way, why does it swing that way'r' 

In physics, diagrams and mathematical ecjuations — among the most stable 
and movable ot re[Me.sentations — formed the bedrock <^f a repie.sentational 
technologv that was shared (but em[Moyed in veiy different ways) by proles- 
sioual phvsici.sts and beginning students (cf. Latour, 198^, pp 2»n-l). When 
the i^rofe.ssor spoke of being 'able to aj^jply concepts' he was talking about 
betng able to deploy such representations 

'I'o move representations like equations across the different kinds ol sjxices 
that make up a disciplinary network, however. the\ had to he mobilized in dit- 
lerent kinds ot tontaineis tor difteient kinds of journeys. The diflerent mobil- 
!/ations weie like links in a chain connecting students in the program lo the 
piactucs ot ph\sics long l)el(Me they actually entered that held of practice. In 
the i^n >gram I studied there were tour critical link.^ in this \ hain of mobilization : 

(M The e(|uati<>ns ( »t j^hvsus weie nn^l»ili/ed in textbooks that linked 
ph\sits \)\M \u e to ph\ Mcs education, and tonnectecl geogiaphii allv 
dispersed eckuattonal j)rogiams 

ij) Within the pn)gram. protessors mobilize I the equations in the text- 
books in their lectures, tniiislorming ihem mto lineady produced 
ch.ilkboaicl repiesentations 
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( ^1 Sludciits inol")ili/c(.l ihcsc LHjiiatioiis in the loctuivs in llicir class notes, 
to be serutini/ecl and leeombined in study and prol^leni-soK-ing 
activities 

( O The problems in the textl^ook.s inobili/eel the eHiuations, linking to- 
>;etiier tvpes ot" pfoblems and shaping how students moved through 
the representational space-time 

The product of these mobilizations was a progressive stripping a\vay of the 
"everxtlay world' and its rej^lacement with a mathenuiti/ed workl. 'I'o see how 
this was accomplisheel I sluill examine each mobilization in turn. 

Textbooks as Educational Mobilizations of the Discipline 

It. as Maney (b^<S9) suggests, "the written word abstracts properties from 
tiie flux ot expeiience aiul tixes them in spatial lorms' (p. then we can 

sec ph\sies textbooks as spatial lorms that mobili/e di.stant physics j^ractices 
t albeit in a specialK retluceel form) aiul make them available in classrooms. 
Textbooks can ser\e as mobilizations in part because they are constructe<.l in 
a tlistinctiw rhetorical style, thev are made up ot statements that lack 'modaliti^.'s'. 
I<etereni"es to agency fe.g.. the author), the agent's actions, and the antecedent 
conditions ot those actions are excluded Irom the text (W'oolgar. 19S<S. I.atour 
and Woolgar. 19«S0. pp ^S-Sl . et Olson. 198(1) Why? because such modalities 
vvould link the statements m the books to ongoing practices: every modality 
makes a statement more mutable, less mobile, less easily combined with other 
statements When modalities are excluded, as in textbooks, a statement takes 
on the character ot a context-independent universal that can be moved across 
sp.ice and time. It is rencleied: 

devoicl ot anv trace ol ownership, construction, time and place It 
could have been known tor centuries or ha.nded down by (lod Him 
sell togethei with the 'I'en CitMumandments [t is. as we sav, a tact 
( I.atour. l^.s". p 1^] 

Hv making statements stable and movable in this fashion, it's j^ossible to 
use' them to tacilitate communications across distances and tie together net- 
works ot practice spread out in space and time .Vt the same time, the deiisc'r 
and more tightlv organized siuh networks, the more' easily they can create and 
maintain tacts. As we saw in the last cluiptei. j^hysics is a tightlv woven net 
vviuk ot instituiions dommalecl bv a lel.itivelv small numbei ot highly funded 
dejKUlnuMits and labs that can dcTine what counts as physic s' and what counts 
as an adc*( juaielv piep.iiecl giaduatc 

This standaidization ot curriculum is ac-complishc'd through the use of 
texti)ooks that are highlv standardized and demodahzcd in torm and content 
hi thi^ sc'nsc\ textbooks tic tine the' undeigiaduate phvsics curriculum Thev 
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deiiuiRUtc di.scrclc suhjcci areas and levels, and define the basic topics to be 
addressed ai each level/ Tluis most ot the >^raduaie programs described in the 
handi^ook of cinidtiate Iho^ratns in Physics. Astrofiomy. cifui Related Fields 
(AIP, 19.SS) define expected levels of undergraduate preparation in teniis of 
h\e or six textbooks, f-or example: 

i ndcf^nidiidle [mpciration assumed, h'or giacluate work in j^hysics it 
is assumed that the student has an unclergiaduate background that 
includL's the follow ing: meehanies at the level of Symon, Mechanics, 
eleetneity and magnetism at the level of C.i)ok. The 'Iheofy of the 
liieclroniaj^nedc h'ield\ ihermoclynamies at the level of Rief , hunda- 
mentals of Statistical and Ihennal Physics, aiomic physics ai the le\el 
i)f Morrison, l-stle and Lane. Quantum States of Atoms, Molecules, and 
Solids: ciuantum mechanics at the le\ el of l^irk. Introduction to (Juan 
turn Theon'i.WW b>s=i>. 

The panicular b(?oks listed var\ from {Program to program/ but the books 
at each level' are geneiall\- similar. Once set. the ccMifiguration of books used 
in a j^artitular program is tliffkult to thangt.' because of the light preret|uisite 
linkages bt^'tweeii the requiret.! course's- a substantive text change at one le\el 
would (.lisrupt the entire seqikMue. As a result, there is a \ery vlow turnowr 
in textbooks 

IThe uiKlergradiiate siuLk'nis] all will take courses later on for whi<.li 
this is a preretjUisiiL'. and const^-quentK tlu' sub)LCt matter has Ix'en 
(.let^Rlct.! upon In Lsscntially a (.lepartiiK'nt (.ourse and <.urriculuin 
t<»mmittee AikI it will not stra\ \er\ nuuh from that. Students must 
to\'er a cenain number of topics There's a t^'Xtbook (.omniittLX' matle 
up (t| p<.'()ple who haw taught iIk* tours^^ — tour or ii\e people — 
aiKl tlKA will g(j (>\t.'i \arious tt^'xtbooks ainl s^lea the oix- that most 
I losL'K traiks the subiet^t mattt^'r There is a \Mriet\ ol texts whi<.li tlo 
th.it (Smith) 

IIk u s IiiiIl* \aiiet\. howt.'\t.'i. in tlK* \aiious texts at a gi\en ie\el 1 Ilmc is one 
jiiole^sdi . t(ti <. \am['>U'. i omp.n ing tw o tt^'Xts us<.'(.lt()i the intioduUor\ ph\sics 

Ilk- book Wf us<.t1 Id us<.- was Kt'snuk aiul llallidj\ Tliat'^ the one 
that I us<.\l wIk'H 1 was an uiKleigratltiate I.ikt.' I s.irI. iIk- niat<.'rial [in 
tiK' iK.'W t<.*xtli<>ok. ( )hanion| is .ill tlu' sjhr- In fa(t. it \ou look at all 
o| tiiosr books. iIr'n might as well ha\t." Ik^'ii topK'd tiom oik' an- 
( 'tl lei Ik- tiirs lo m.ikc his lAamplcs intiMesting \nd his problems are 
iiioie iiiteiestnig Instead ot a bloi k slRhng d' >w n an imlined plane, 
the < It lest K )n IS ab( )Ut s( niR' t at sk Riding oil ol a KR<.'tiat k I k- jnits ival 
numbeis in The piobkMus are inoir hin to woik. e\t.'n though \ou le 
woiking e\attK the s.une pioblem ^'^lemp> 
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!)r skMnj')"s foimncnis po'my to another critical tcatiiiv ot toxtl)ook.s in 
physKs. I'p until now IVc l^ccn talking about how the standardizccK 
dcinodali/.cd lonn in which the texts arc written allows physics education to 
he spatially integratetl acixrs.s schools, departments and laboratories spanning 
the globe. lUit if physics textbooks are representational technologies tor solidi- 
fying a dense social sj-)ace across physically distanced settings and practices (it" 
tacts' are a gootl metliuni tor connecting practices), textbooks are also sites lor 
producing j')articiilar representations of space-time. that I mean that physics 
textbooks are components ot' practices tor mobilizing the physical W()rld in 
textual form, aiul ultiniateK' reconstructing it in re(')resentational s|')ace-times 
accessible onlv through texts or machineiy for inscri[')ti()n: friction less planes, 
jX'rtect harmonic o.scillaiors, invisible' particles anc.1 waves, and so on. Vse 
can get a general sense ol how these i')ractices developed within the recurs- 
ive curriculum b\- bnclU' tra( ing changes in textbook treatments ot physical 
{phenomena 

Enrolling the World in Physics 

just as stutlents were enrolk-d m the actor-netwoik ol' |")liysics. so were worldly 
phenomena In the t^^'Xtbooks lor the first courses in the physics s<.\|iK*nce. the 
spaces ol the physics text world wxic initialK' dest^ribetl by analog\ or <.onlrasi 
with the evervLlav . non-j'jhvsics world c Consider this passage from an earl\ 
I hapt<.M m the lirsi mecham(.s textbook' 

l'\<.-r\day exjXMieiux' suggt^-sts that a force — a push (M a juill — is 
iHxxled to kecji an objeU moving at constant \elout\ I'or examj')le. 
it the w mhI pusiiing a sailboat su<.ltlenl\' <.lies out. tlu* boat will coast 
along tor some Liistaiue. but it will gradualK sIonv tlown, stop, and 
lemain stojipetl until a new gust ol wiiul tomes along However, what 
aMualK slows d(A\n a sailboat is not the absence ot a pr()j')ulsi\ e 
tone, but, rather, the pieseixe of triclion lon.es I nder ideal Irituonless 
<.oiKlitions a IkxK in motion w< uikl coniiniie to mow lorever ( Ohanian. 
b)ss. 1^ gi 1. 

The text stalls us in a lamiliai sjiate. the woild ol sailboats, but it u-de- 
fiiK's that sj\ke lor us - explaining what realK' slows the boat <.lown - b\ 
defining the action in teims ol a new entit\. Iiiction Then were told whai 
would happen m .in ideal space — a repiesentation ol space that cant be 
loutul out theic . but that cxisls m iIk- irxtwoild \o equations, diagrams, or 
illustiatjons .u M >mpan\ ihis passagi' "t he e\e(\da\ anal<>g ilu- sailboat 
IS like a model tli.it we lan use to make sriise ol (he plivsKs We icmain 
oiK'tUe<.l in the laniiliai space ol e\er\da\ pKutue. but e\ci\da\ piattice has 
iieen pioblemali/ed given a speuali/ed identity a<.cessible onK through 
tlir obligat(M\ passage point ol ph\sies' repiesentations ol sjiace 



Knowledge in Motion 

H\ coiiirasl. in ;i passiigc thai occurs imicli later in ilic same text, ret'cr- 
cnccs U) 'cvcMyday' objects play a ver\- ditlereiit role: 

Consider a ti^ulilly stretched elastic string, such as a long rubber cord. 
It we snap one end ot" the siring back and t'onh with a Hick ol the 
wrist, a disturbance travx'ls along the string. Figure IS I I not included I 
shows in detail how such a travelling disturbance comes about. The 
string may be regarded as a row of particles joined b\ small, ma.ssless 
springs. W hen we jerk the first j")article to one side, it will pull the 
sccoikI panicle to the same sitlc. and this will pull the third, etc. If we 
then )erk the first panicle back to the original position, it vvill pull the 
sccoikI particle back, and this will likewise j^ull the third. As the 
motion is transmitted from one particle \n the next particle, the distur- 
bance |')roj')agates along the row of j^articles Such a disturbance is 
tailed a wave j'Julse (Ohanion. 19SS. p. W)). [author amendmenti 

Merc wl' see an interessenient': the j'>hvsics actor-network creates a bar- 
iiei betwx'en the physic.. il phenomena it t^lefmes and alternative ».lefining net- 
works. This passage is comprehensible nnlv in terms of the discipline s 
lepiesentations of spate .Although the j'jassage supj'^lies a specific everyday' 
image for the reader it s quickly clear that instead ol a long iiibbei cord' (a 
plienomenon that could be enrolled in various non-j^hvsRs rej')resentations ot" 
sjxicc) we re dealing with a row of particles joined b\' small, massless spi ings'. 
Rather than shovMiig' this partkle \\)\v. a diagram creates U: we would have 
no cleat wav ol imagining "-uch an 'object' without souiething like the diagram, 
and the rest ol tlk' paragt pli makes Imle sense unless une can see oi has seen 
similar diagrams 

il such stieniilic diagrams, as Lynch <b>)SSi suggests, create ihe impies- 
sKMi ilial the objects nv i^'lations ihev represent are ////>('rc////v mathematical' 
«p l(^*>i. tlien Its a small but conseciueiitial siej') to dispeiist.' with sueh dia- 
giams and operate piimanlv in mathematical terms This is the principal mc\ms 
through which j^henoinena are emolled — then identities stabilized through 
alliances - in the plivsit^s actor- network C.onsRler this intioduc tion to llie 
wavL' pulsL' in a t(.'\t toi a thircl vx-ar course in niodern j^hvsics: 

\iiolliei lamiliai phenomenon not dest^nbable bv a single travelling 
wave IS that ol a [niNe. such as a sudden noisi.'. a flip o( one end xA 
a long siiMig. oi iIk' biiel ojuning ol a shutter in liont ol a light 
s( »uic e The" main i haiac t eristic ol a j^ube is that ( )1 local i/.atK )n in time 
and spai e .\ wave ol a single- hetjuencv and wavelength sut h as anv 
o| !lii»M' « »t l'(js ' I'M has fin locah/atioii in Ume oi spav c In oidei 
li> ilc siiibe .1 pulsi'. .1 gioiip < >1 vv.iV(.'s i )\ (.lilleu'iit lu'(jueiu les and 
wav elengliis nuisi be taken The lange ot wavelength^ oi tie(]ueiH ics 
ncciled depends on the I'Xtent ol ill".' sj\it(.' ( oi iimei ol the puNe In 
geneiaf it the extent in spate, delta x. is small, the iang,e ol wave 
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iHiinlHT.s delta k iiui.M he huge. 'I'hc UKillK'nialics ot repivsenliiig ai- 
hilranly sluipctl piiKes by .siiin.s of sine or eosiiic hinclio.n.s iinolvcs 
roiirior .scries ami l-oiirier integrals (Tipler. 19()9. p. 201) 

Wen diagrams are no longer sutTuient to rt)rinulate the phenomena; the 
oi^jeels" must be represented in matheiiiatieal ecjuations. The jxiragraph .still 
begins with the eveiydav world' Init only to iindercLit our eommon experience 
of it- a sudden noise, the Hip ol a long Miing. the brief opening of a light 
sliuiier. are deseribed as bc-longing to a sin^iile ela.ss entities within the 
rei')resentati()nal spaee of j-^liysies. Students are no longer dealing w itli entities 
con.siituted through the faniiliar material sjxitial practices ol eveiyday activity: 
liie entities ha\e an identity only within the disciplines representations ot 
sjxice. The\ have been enrolled' in the physics actor-network. ) iM as the 
slu<.ients were. 



Textbooks as Engines of Instruction 

I ilon t want to go too tar. however, talking about textbooks without consid- 
ering how the\ aie u.st-d. I'rom my perspective as an outsider textbooks .srem 
U) tie together distant piograms ^md departments and loinuiLite a distinctive 
ivjirest-niaiional sjxice time \\ hat prol'essois aiui stiklents actually do with the 
texts IS another matlei I'ven given the demodali/ed tormulation ot the text 
sijicments theie is Mill room tor ditt'erent apj^ropriations of the texts by piK)- 
lessors using tlu'iii to teat h courses, and tor dawigenl readings In the students 
HI the touiscs It the texts are to be usctul in holding networks togethe?" in a 
stable configuration and kee[iing activit\ on-tuuk'. then the representations m 
the texts \]A\c to be n.'niobili/t.\l in a wiiu'tx ot wa\s 

I in.' most obvious mobilizations au' the prolcssois' lectuu-s over the snb- 
ici t mattei m the text .\s Tuiwcek i bJSS) h.is noted, in both Jajxin and .\nierica 
the textbook is th«' principal engine ot instiuction in iindergtaduale pli\sics 
r'diu .ItK >n 

bh\sl(-^ IS mtroduted tirst to the undergi adnate in a textbook Hie 
instuutois. who are jMcsmted js cxpeits (Ui pli\sus {although not 
speualisis m all subticids snnultaneousK explain the iiiateiial ii^ the 
textbook stud<.'iits air given piobk'Ui s(.'ts' id solve in otdei t< ' dem 
oiisti.iic then I onipieliension of the mateiial < Ti.iweek. b^ss. p ~{ii 

The pli\su s pn.tessMis I i.tlked to s.iw lliemseKes tollowing iIr- textbooks 
( li >sel\ in then sei(ueiu ing and i o\ eiage t )t topu s The labk- ot ^ ( intents 
< -ne pii)|f^M.| noteil WiUlld pletl\ Well be a sxllalnis \notliet rxpl. lined 

I would sa\ m genet. il I ilo tend to toHow the b .dk beijuse 1 ha\e 
loiind tli( ^md( ras well, in tlie tiiM pl.ue. \et\ lew ol lliein lake 
godd notes Soil idoiittollow the book llie\ Iki\ e noihing to smd\ 
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tor a tcM. And I iliink ii s ihc a*.s[)onsil)ility of ihc taLuliy .sl-Il'lI 
l)(U)k.s thai aiv similar to wiuit they're goin,u to teach in the eourse. 1 
also have seen studies which indicate that the students learn lillle From 
the lecture to begin uith. So Tve realized that most of what I'm doing 
is simj^ly trying to exj^lain to the better students some of ihe finer 
j^oini.s and trying to helf> the weak studenrs overcome the diffieuli 
parts (Morton). 

I\Kully allowed texibooks to defme the subject matter and pedagogy of 
the courses they laught parlK' because the subject matter was considered dead', 
classicar maierial unrelated to the issues they dealt with in their research. 
Moreover, .since teachirig assignnienis w ere made b\' a Lleparimenial commit- 
tee and changed f'()in vear lo vear, faculty had no jX*rsoiiaI investment in 
{'•articular couisl*s. and did not teach them frequently enough to develop ilis- 
iinctne aj^fMoaches to ihe subiL-ci matter. Insieael. mosi professois followed 
tlie texiliooks arid moniloreLl ancl imiuucLl the j^ractices of others who were 
leat hing or hacl taughi ihe sam<.' (."ourses. One professor comj^aie<.l himsell in 
this wa\ an( 'the! professoi whoii taught (he same book: 

I made niv siudeiits work more j^roblems. ancl I ibink my tests were 
slightly harder, bui we Loveretk to within tt) or ^0 pages, the same 
paris of ihe same book and iIil' stULleiiis would see a ditference onk 
in thai perhaps the\ would say one insiructor was easier. Hut ihe 
topics (.()\en.d woukl be much ihc sann.' t Wilson). 

Ii apjKMrs paraLloxicak given this subservience to the lext. ihai for stud^'nts 
tours(.'s varied radiuilly dejK'nding on who taught them. Paul, vvlui called ihe 
pi(»U'sst)i jusi quou\l borrible. beyoiul belie!', arguet.1 ihai 

^'ou (.an have ihe ideniKal course ancl have diflereni instructois. ant.1 
tlu'v'n.' almosi complet(.'lv (.liffereni courses Mven ihougli I lIoiVi pu( 
a loi ol L'm|')hasis on vvhai an instrucior says, it s lu.si. ii <.k'j^ends on 
whether you have sonu' i(.lioi bellowing oui some kind of drool up 
there at iIk' iioni o[ tin.' toom. or someboLlv who's reallv compeieni 
aiul (.an re.illv show vou some ini(.'resiing m(.'iiial connections. 

I'aul was one of ilie siiKlniis who vvoiketl alone instead of in a siudv 
group, bill (HI iliis poini his j^(.'K(.'f'ii()ns weix" shaix'tl bv oiIk'i suuk'nls (ilu)ugli 
ihev UMuled u> us(.' less lolurtul la guagc). iIr' texts aiul (onicni might be 
siaiulaKh/(.'(.l ami ligidlv se(|U(.'iu (.'tk ^>ui le(.lui(."s vv(.'K' noi .Miliough stu(.lL'ni> 
tlaiiiK'd iliai |')iok'ssois jusi vvjoie ihe book lo us (Hob) in realK boiing" 
k'lluus < Mkc'. llie pioU'ssois olAirnish dill no! aiul toiild iioi have U'pi(» 
duied the books exacllv in iIk'ii leiiiir(.'s lnsUM(.l. iIr'V mobili/e(.l iIk' torms 
enibo(.lK'd in ihc U'xis iIil' (.'([uaiions .in(.l diagrams They iempoiali/C(.l and 
ies|\iiMh/ed iIr' si.nu ie\i landst a|')es. iianstormed iIkmu inio tours 
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Mobilizing the Textbook: lectures 

As ivprcscnlaiional orgaiii/alions of spacc-liinL-, phy.sics icxihook.s presented 
MucleiUN Willi L'oinplclc icrraiiis' tlcsuilK\l in cxplit il, non-iiUKlali/L-d icrnvs. 
To do plu'.sics was, tbi' stiidcnls, to chail joLirncy.s ihiough ihcsc icxliial land- 
v.-apcs. U-ULia-.s. lo follow the luciaphor, were like guided lours through 
liie terrain. It' the textbooks mobilized physics in a stable tbrni In' deleting 
mention of agency, actions, and the antecedents' of actions, it was through the 
re-inseilion of such modalities, the reeonstriiction of textbook 'facts' in narra- 
tive, that the physics 'in' the textbooks was used to bind together courses and 
class sessions within a course Lectures descrilx*d the kinds of journeys that 
were feasible through the representational sixice, which were woilh taking, 
and how one might negotiate them. 

W e can begin lo gel a sense of this 'modali/.ation' of textbooks by con- 
sKlering a couple of pages in the textbook (Caawford, bX)H) tor the third 
course in the physics sec|uencc. Waves. The book section is labelletl 'F.xample 
10: Two coupled \,C circuits' atid consists of a small t|uantity of text, eight 
ecjuations aiul one diagram. 

These passages, which sliulents enctmntered in the s^xontl semester ot 
their sre<MHl \eai' in ct)llege, are framed almost entirely in demotlali/.ed, dis- 
ciplinaiA" representations of sjxice-time. The author begins by pre.seniing a 
■s\stt'nr in teniis ol a diagram of twt) coupletl LC circuts. a highly lormulaic 
repiesentaiion of a kind that students had become acquainted with In thur 
hitroductoiA K!ecnicit\ and Magnetisivi course. The section begins: 

Let us find the etjiialitms of inoiion' — nu)Uon of the tliange m this 
case Llie elect ronuuive force (enif ) across iIk- leitTiaixl inductance is 
/. /// A positive charge (J; on the left-hand capacitory gives <in emf 
(. 'n, that tends iiKieasc 1. ( with ( >ur sign t otu eiui( )ns) (('lawtord. 
l^)(vS. p J""~S) 

in this iasMon llie diagnim is transLitetl into the niore manipulable represen- 
lahonal lonnat ot et|uations Ww text then directs us to expix's.s the conligu- 
lation ol the svstem in tt.'rms ol Mirrents nitlier than charges' by tliffeienliating 
aiul using <.onsri\ation of tharge lo simpiil\ ponions of the equation to pro- 
di)t<.' \oupletl et|uations of motion' (It's assumed that tlk-sc equations have a 
letogm/able shape lor the suulents) *L1k' nonnal modes are gixi-n. aiul the 
text set IK /n <.'nds with a paiagraj'jh (hat links iIr' cxampk- to otlK'r exampk's 
in tlk' i<.'xt aiKl Ioix'sIkuIow s issues to 1k' tlis<.uss<.\l lal<.'i in the book 

As written, thi^ book scUion is like a piece of road map that shows how 
tlillereni routes link, whu li exits aie av ailable, ainl how tlilferent points m the 
terrain ( an be conp.ected \\ hat i( lacks is an\ hint ol wh\ the routes exist and 
\\1)\ oiv/ shouKI want (< go Ik mi one plat<.' to the next \geiK\ aiul attioii 
lia\ e W'k:\\ ext is<.'d. aiul ^^Uklents alone lat k<.\l res( )ui\ <.'s to iein(r<KUue iliem 
InsieatL the\ had to diaw on the problems in the book, their lellow students, 
and. the lesoun;- with whuli 1 begin, tlu' tines ol tlK'ir pioU'ssois 



Kn<>trk'i(t>c in Motion 



The Icfiurc 1 11 t'xaiuiiK* Irmc is In iho [■)r<)tcs.sc)r tuosl hii^hly ivgaiclcti by 
ilk* siutk'ins I inicivicwvcl. I)r Smiih. Sonic, as I vc ala\uly MiggcMcd, ditl link* 
more lluin panol ihc book, bin ihc IvM nanaiivi/cd ilic tonlenl and reinlio- 
duccd some clcmem.s of at;cncy and action inlo ihc dcmodali/cd icxt. The 
Iccuiic set;iiR'nl dcscribctl below, which is taken from I he ihird couise in the 
cuniculum. W ax es, deals w iih lopics \ ciy close to those dealt w ith in the book 
section discussed aboxe 

In beginnin^^ the lecture. I)r Smith did not explicitly orient the students to 
,iny section ot the text. Instead, connections between lecture and text were 
implied In the use iA' similar diat;rains and ecjuations. and the content of both 
Were linked to |')re\ious subject matter (the motion c>l coupled springs and 
iiiassc^s) by the introduction of an agent: 

smith began by suggesting that when Clod made the unixerse. he gol 
la/A' and instc^id 'of iinenting new rules tor clitlerent forms ot j*)lie- 
noniena. made verv clil'lerent kinds oT phenomena abide In- the same- 
rules. Thus eiectroniagiietic systems ojKMiite in the same ways as the 
mechanical sy.stc-nis (the springs and masses) that the cias.s had been 
dealing wiili to this point 

While the imocation < •! Clod was a great rarity in |)li\sics discourse, it 
serxed a double functuin heir l-iist. n supj^lied a reason — nature' — [or the 
idenlica! mobili/atioiis ol'two (aj^parentK ' \ei\ ditlerent |')h\sical systems It 
told the students that the identity was a leilection of the way things are' rather 
than an anaUtical c( >n\-enieiKe oi a social comenlion Second, this kind ol 
exj'jlanation set up a bt)unclar\ C(HHiitioii on the distussion- there ccuild be no 
explanalion or discussion ot why' mechanical and electromagnetic .sy.stems 
weie clesuil\il')le with the same Corinulatit )n- it was sinij^K a tunction of na- 
ture, ol clod's will ilaxing Iramed the lecuire in this www Smith could then 
{Moteed with the nariaii\e loi iiuilation ot the l.C urunt He began b\ drawing 
.in \'\a:nple' on the board 
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i)ia>u\nns sikIi as tins oiic (oi- iIk- wvnc Lknailcd (^ncs in tiic icxu iHinLlknl 
l(\U<.'lIior J SL'I ot" ivprcsLMUalK )ns. Mal\u\u .scn^t* ot tliciu prcMi[')p( ).sL*d ihai 
siudcnis wciv nol onls tainiliar with tlu^sc icpiv.scnlatK )n.s luil with lliis par- 
iKular \\a\ ol\ onncctipi; llicin. Thus L-vcn ihoui^h iIk- sUkIlmtIs \vak\ cnccniiv 
sulIi LliaLiiains in iIrmi- picvious louisc ( iniioducl( )r\' Mlcclrkilv and 
Ma'Anutisnu Siuiilj s fiisi slop was to soo it" they could ivad' it properly 

■\\ hat s "(T mean to you'''' smith askcLl. One student an.sweret.l- Lharue". 
(■.hai\ue'''' Smith lespondet^l. C. means ehart^e to you''' Another suiLlent 
U ']C(.\ an answ (.M" storai^e ol (. hart^c''' 

N(n uettin.u the answer hO wanted. Smith be.uan to create a nairati\'e to 
lead the stu^lents tliroui;h the rejiresentations impli(.it in the (.liai^ram. He he- 
i^an In shifting the lot. us of the k\tuie Irom the (.liai^ram to an 'evei"\xlay' 
t)h.l(.\t — to formulate a reeoi^ni/ahle physieal analog ot the system Lles(.ril)e(.l 
m ihe diai;ram ! le hej^an In 

pkkinu up a flat, unfolded piet^e of aluminum foil, suppose ! i;i\ e you 
this jiieee ol alumiinim foil', sniiih sait^L aiul k-t's sa\ tliere's an elet.- 
ti ual eneri;\ sourer' in the (.'orner of the room aiul ek\ tri<. ity is iantas- 
U(.all\ e\p(."nsi\L' ri.uht no\\ \ and 1 say. dka\\ \ou ean take this pieee 
ol loll aiul j>ut all the t hai\ue \ou want on it. tak^- all \ ou want. \(n\. 
wlial's to stoj-) \ (ju from lx\omii\u rKh'"' 

VlihtAii^h the k-Lture was h iiinulateLl in a <|Lie.stionin,u st\le, tlk' lLiss was 
larue (aliout stu(.lents) ami snnih t^lKln t wait lor answers i!a\in>; introduced 
an eveiAt.laN . (.oneix'tL' L'\ampk\ he now lK\uan to eiuo<.le it hack into the 
i\-piesentational s\stem ol j')h\sus 

Smith explained that as the charge was nu reased, the voltai;^' would 
.Uo UJ1. and the stored enei\u\ would tlissijiate Now', smith asked, 
what il i wadded the foil up m a hall, oi rolled it into a e\ Under, how 
woukl that alfea the j-nocessy It would, he explained, produee a d\\- 
leieiil \ oltai;e lor the same (.har^e .\s the shape, tlie .ueometiy. ehanges. 
the (.ajXH itoi (and ihis. lie explaineLl. is what (".' stands I'oi ) Lhan.ues 
smith wrote the ec|uation desuihin,u this relationship and esi'jlained 
that in the esaniple Linen aho\e. \ou want more t hari^e per \ olta,uc 

(. - \ 

St,. Smith tontiiuied. il the s\ su-in has a paitKulai M\ iis vojiaj^e is 

\ , - MM 

Smith then talked ahout wh.ii this me.int in leims ot ojloumbs and 
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\Xc hnvo .uonc from llie cliagniin "back' lo iho aluminum foil and ihcn 
hark to tlic diagiain aiul iIk' exotic" phenomena enilM)died in it (capacitors, 
V()lta.ue, etc.). 1lie diagram has been 'modali/ed'. inserted into a narrative tliat 
supplied an agent and actions lluit gave us a reason" for llie diagram. That 
is. rather than simply defining C Smith told a sioiy that illustrated a use of 
the diagram. I sing an(;lhei eveiyday j^henomenon as illu.stration. Smith re- 
pealed this kind of hack and t'onh movement through the representational 
space 

Smith then asked I li.siorically. how did conductors come ahoulr' What 
was an early conductorf'" Again, he provided the an.swer: The lighten- 
ing rod. Its to|^ was a sharj-) j^oini, and lliis meant iSniiih drew the top 
ol the rod and the lines of forcel tiiat when lightning .struck ii, the field 
created at the j^oint was .so .sin)ng that it ioni/ed the air, juilling the 
negative charges out of the air and neutralizing the negative charges 
m the loof of the house- 




This uealecl a small, sate discharge The rods themselves were con- 
nected to iIk' earth (grounded) with a coj'jju'i' j^ij^e (an excellent con- 
ductor), -SO that the charge would tra\el down the coj^jX'r and be 
neuiiali/ed m the eaith What was discovered, however, was ihat 
s(;mctimes, instead ol lollowing the coj^ju'r to the earth, (he ^ urreni 
would lump" oil the wiie, onto the rool 

1 la\ing • >fu e again inUochu ed a naiiatuc, Simlli iheii tliew aiK ulua, niou' 
SI hematic diagram, shilling the locus iiom the ■e\ei\clay" analog (the lightning 
loci) and onto a repiescnlalion and a phenomenon iiupoHed Irom the repre- 
sentatK )nal sj\it e ( >♦ ph\ sit s 
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Whv would iIrtl' 1h* arcs hclWLvii \\w cluugcd l)all.s, Siuilli asked, 
instead ot a How ol ciinvn: llirou^^h tiu* copper wire?' 'it s not simple- 
\K\ resisienee", Siiiilh pointed out. and lie went on to explain that the 
(XMson who discovered this determined that the wire must have a 
propei1\' related to ehan^ues in the current. The wire is an ii'iductor'. 
liie current buildini^ up in a loop produces a nuii^netic held and chang- 
ini» current produces an KMF. and changes ;he voltage. The field times 
the area of the wire ec|uals the 'flux' (or the number of held lines). 
Mux is propoilional to current: 0al. And if we use /. to represent a 
constant, the inductor, we get the equation: 

, 0 = U 

I'or \oltage we get these equations 

\- - I 1 - — - 
' ~ " dt " dt 

Smith reminded the students that the\ worked this out h)r solinoids. 
single loops, etc. in their [-jrex ious pliysics course, hilroductoiy Hlee- 
tricity and .Magnetism He mentioned l-araday s role in the discoveiy 
ol these relationships, and pointed out that industrialization as we 
know it wouldn't have been possible without an understanding ol 
these processes. Then returning to the lniti:il example. Smith wrote 
the etjuations lor the systeiri and went on to lind the modes, woiking 
tliiough the details in more depth than the book bad piovided 

"I'he ( lass segment I've des( libed illustrates two central features o.' plnsKs 
lettuies 1 list. Smith emj^iasi/cd the connections among phenomena made by 
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the hook (for example. Ix'twecn springs-aiKl-inasses systems and LC eireiiits) 
ami, when sUidenis had iroul)le with iht.' 'ahsliaef representa lions in the lexK 
Ik* su-:Uegically sliified to more familiar, ever\day represeniaiions. Seeond, and 
moie imporianlK. he reorgani/eil the content of liie textl)ook into a eolleeti<;n 
of l>rief nariatives. Instead of going through it section hy section, lie iociised 
on particulai" points an^l iliiistiations and showe^l actual patliways througii llie 
nunad possible conne<.tions aiul routes in the text. As Karl's description of 
Smilii s teaching suggests, instead of hav ing to memori/.e the entire road atlas, 
students coLikl tociis on particular kinds of joiirnexs. 

He would take itleas aiul make them (jiiite clear, w ithout making you 
feel slow Ipausel I guess for one thing he went through the course 
and took out all of th.e ver\ imj^ortant critical j^oints, aiul he would 
introduce criticLil issues an^l introduce them in so man\' wa\s that 
inialK noli undersiooLl it '.ompletely. Aiul so you didn i lia\e to learn 
al)solutel\' all the skIc issLies. All \'ou IukI to realh' learn were a few 
critical j^^oints and evei^thing else was (juite clear after that, because 
you just put it in terms ol some fundamental concept. And the whole 
course came ( )Ut ( Karl ). 

In lectures like this one. then, professors took the \ irtual laiulscapes of 
the textbooks and transformed them into real-time iourneys accomplished 
thiough tile List* of diagrams aiul mathemalics: the\ mobilized the equations in 
tile texti)ooks iixto a visual format that the students could, in turn, reiiiobili/.e 
in then lecture notes. 

Mobilizing the IxxUirc. Taking Notes 

To gel a seii.se of leLiuies Iroin the students' persj-jettive. we have to look at 
the j^iivsii al orgaiii/.iti( )ii of the lecture. The introduttor\ . lower level courses 
lor freshiiR'n anU sophomores (such as the one hoiii which the excerpt given 
ab()VL' was taken) were taught in a room in one (»t .lie older buiklings on the 
( amjHis. several bloc ks from the main physics building (the rest of the building 
v\as used exclusiveU" b\' depanments other than physics). This 'physics theatre' 
v\as designed for large lectures and demonstrations and i.ad well o\er 100 
seals .slacked in sharpK angled havs. Rather than a j'lodiuni the teacher had 
a long lab table on w hich to vet up denionsiralions. .\ television mounted high 
to the side of the chalkboards and a projection booth at the hack of the theatre 
v\ere .iNo used occasionally lor deiuonstrations. 

l or (he lectures, there were three levels of .sliding chalkboards rising trom 
waist level lo the high telling When onr boaid was filled with ecinalions and 
di<igiaiiis. the proles.sor jnisliecl it up M'.ither than erasing it) and continued his 
exf^osiiKMi (Ml a new board This allowed him to develop caretulK and explicith 
e(}nati(Mis and their derivations for the students and to sIk.w their aj^plicatioiis 

or) 
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In workin.u example prol^kMUs. Ii also gave ilic .studeiii.s time lo copy the 
hoaal, to w rite it down in tiieir notes 

*riie initial >pate of pliysies edneation was tluis organized as a vi.Mial 
arena tor laenltv performances. Tlie professor s work wa.s the visual focus v)l 
the setting. He was physically .set off from the students at the bottom ol the 
room, surrounded by the paraphernalia (^f visual disp!a\-. The major tocus ol 
\isi<)n was a svsiem of mo\ ing.. o\erlapping chalklxxuds that allowed him to 
•save' \ isual representations and refer back to earlier ecjuaticjns and derivations 
during later pans of the lecture. There were also less frequently used demon- 
.stration appaiatu.ses that allowed the creation of visual displays designed to 
i)reak dow n and restructure siudent.s" everyday habits of seeing: illustrating the 
superposition principle, lor example, by setting two hack.saw blades held on 
end in \ices \ ibrating out of pha.se, then cutting the lights and turning on a 
sirobe-lamp at the proper fretjuency to slum- them moving 'together'. 

Suidents were spectators in this .setting. At a period when ph\sics ac- 
counted for only a small propoiiion of their cour.sework, the room was a 
special selling lor undercutting their eveiyday practices of ordering the visual 
world \^\ the time students reached their third and la.si course in the physics 

— \\ a\es — this visual practice was pushed \n its extreme. .-Vs Lem 
explained it. W aves was the course where one became acc]uainted w ith new' 
sorts of phenomena like oscillating sy.stems that were -unfamiliar' Irom every- 
tia\ life and Irom the introductory courses. 

Il expands your hori/ons. you might sa\ ^*ou get used to not working 
with d(^lls and rocks and bricks and cars, you get u.sed to things that 
are not distinct in them.selves. Like a wave on a string is not a graspable 
ob)ect It's soiiK'thing that's transient. And you get used to w-orking 
w ith things that change in time and in position. They're fleeting, they re 
not alwavs there. They're eonstantly moving and changing, li s not 
like throw a roi k this far, boom, it lands, how far :\\\:\\ did it land'r'' 
^■ou can ask more interesting quesiifMis about waves. 

c:()Lii-ses like \\'a\es began to introduce students to the representational 
.si>ace, peculiar to j^hysies. that contained phenomena not found outside in the 
ever\da\ world That is, students became participants m distributed sy.stems, 
unlike those the\ could participate m outside the program, that constituted the 
ph\sKal world in the particular wa\ of physics Demonstrations weie used 
nuicb more sparingly (films never in my I'leldwork), and even then recjuired 
a certain kind ol reading' to be made .sensible, A row- of steel balK susjX'nded 
m a frame from stiff rods and connected with springs could represent ceilam 
kinds ol wa\e' molions. but the semiolic c haracter of the demonstration iiad 
ch,inged lioin the eaihei couises There, a hoc ke\ |Hic k gliding, seemingK 
without dec ek ration o\er a plane of dr>' ice, produced a direii sign ( hockev 

— refeic-nt (law of motion) link in later couises, however, a tkanonstia- 
tion might t onsiM of stc\'l balls and springs (sign) linked to theii lelerent 

(T 
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(.sinipk* liariiionic nioti(Mi) thrcuigli tlK^ nicdiuni of a syinlx)! (the wave). The 
olxseivablc was no longer simply poiirayed in a diflerent fashion, it was made 
to Mand for something else. The ph\ sies llieatre had become not just a setting 
tor instruction, hut a f^laee where a different order of seeing was requiivd — 
one which l(4oked through eveiyday appeaianees for the flat inscriptions hidden 
beneath. Within this selling, students took notes diligenlK*. 

(jenerally 1 11 copy an\thing that's written on the board. Mosi of the • 
professors that I've had, the information that is most critical is the 
tilings that they wiite d(n\-n on the board. I write down .some of 
the things that they sa\ . but usuali\- what they're saying is mainly ju.si 
an explanation of what they've put up on the lx)ard. So you're writing 
what's on the lx)ard and then their explanation of what they'\e writ- 
ten up there. Or if it s for a ceilain type of problem, if I'm able, then 
I'll write down instructions on how to do the pioblein. oi- clarifications 
on wh\ work a pioblem a certain way. It's generally \'ou write 
down about event hing that you can (Bob). 

I l.ike down most of what the professor will say. and all the details of 
the pnjofs. unless it's one that I happen to know is in the book. 
Something like that. Or one that I know 1 can work out myself later 
on And so it s anything at all that I could possibly want latei'. That's 
liow i think about it but I always end up deciding that I would want 
e\erv thing ( Karl ). 

II you weie to peer o\er .students' shoulders during a lectuie. as 1 often 
did. \(»u would see sheets of ecj nations and diagrams with \ ei\' few words on 
litem — nothing like my notes cjuoted earlier in this chaj^er. Pait of the reason 
lor this was the pace of lecturing and its \'isual organization. In courses wheie 
the jMotessoi's woids carried the main informal i\'e burden (such as .some of 
the business couises desciibed in later chapters), si u dents did not need to 
watch the board consiantly they watched the profes.sor. and when he sig- 
n.dled that something was worth noting the\" could keep their heads down 
w riling In ph\ sies. by conna.st. students had to move their eyes back and loHh 
hom the board to the nolepaper (it was impt)ssible to get the math ck)wn right 
w ithout watching what you were doing) and 1 found it plu'sically veiA" difficult 
— e\en as an experienced nolelaker — to get down anything more than the 
etjualions on a page Kven in this I had greater problems than the plnsics 
siudenls who. so to speak, knew the basie 'grammar' of the 'language' the 
professor was speaking and could better anticipate what was to come 

Thus when 1 sal in ihe physies theatre 1 found m\ self lorn between wantitig 
lo siniplv sii b.iek and wauh the boaid woik and toncenirale on the proles- 
sois' explanaiions (which usually allowed me to follow what was going on 
and make sense of the physics), and franlically liying to write evetything 
down and leaving ^ lass unsure what il had been about The siudenls. by 
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ronlrast. wcivn't simply following ihc professors passively, lliey were running 
ahead of llicin, ir\ing to anticipate what would he written on the board- 

If (the professor! says, you know, kn's liy and do it this way*. I'll go 
ahead and 1 11 work a lilde bit ahead of him in niy head and just kind 
of write it out and see. if what I'm doing is the same thing as he's 
doing. It's more of a comparative to see if my, if the way I am thinking 
about it is the way ycni should be (Mick). 

It's impoitant to me to tiy to keep a little bit ahea<l of the professor 
rather than just mindlessly copying what's on tlie board and not pick- 
ing it up. And so this means I tiy to stay a step ahead of ium and this 
also means I get sidetracked and go off solving my own little prob- 
ienis. But you take notes of the basics of what he's putting up on the 
board, how to do it. But then more importantly you're doing asides. 
All of the good physics students that I work with do die same thing, 
vou say. ah. this is why this works' . . . You're tr>'ing to anticipate 
what it is, where he's going, and what the next step is going to be 
(Arnold). 

^■()U try to do more than follow along. If they're doing a proof, you 
try to anticipate what the next .step is going to be. . . . It's always sitting 
there looking for questions and seeing if he's answering them or it 
\()U can answer them (Alice). 

Instead of simply reducing and compressing the course into a mobile 
pioducl (as management .students did in theii notetaking), the experience oi 
taking notes was as (or more) important for physics students than the content 
of the notes In taking notes the .students were interactitig with the profes.sors" 
penormances at the same time as they were reproducing them in imnuitable 
and mobile lonns on notebook paper. If the textbooks were like maps and 
charts, the notes were like nautical logs of journeys that .students could accu- 
mulate, comixiie. and analy/.e in a single forum — the siud\ group sessions. 

That prc^fes.sors wrote the book' on the chalkboard, taught .straight out of 
the book, or explained' the hook, was thus not obvious to the students as the 
lectures untolded. \s Debbie explained, the realization of these identities was 
an accomplishment. .1 di.s(.()\er\' 

I take the notes in class, li.sten to what he says — then I go read the 
textbook ami then I go back to the notes and leali/e that it's the same 
(hing ( laughs) . I ne\ei . say. reread the book ior a liberal ai1s t'ourse 
I In pliNsicsl I realK go through it carefully because, especiallv ()Ui 
plnsics books now in the upper levels, they don't work out eveiy- 
thing lor you. They leave it lor the reader. And this reader goes through 
and pioves it to herself, because it reallv helps in actually working 
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prolilcMU.s. oi' wDikinij on a test, to know wIkmv tlu^ hackijrounci Ibr- 
nuila.s t aiuc (Voin. So I go ihiough it \ cn (. aiL'tLilly (. . .| And then I do 
the* homework ( l)ohl)ic). 

TIk- <.'\j)osiion- sections of tlic K'Xll)ook.s \\\mv ojXiqiK-. conij^licatcd. and 
siLkk'nts c^'oukl not ivl\ on tlioni as tlio piirnan" sources ol onlightcniuon! 
Mhosc who ti K^l CaiU-d) 

! lIoii i lIo rcaelinj^s liccaiiso ic\lbool':,s put ino to sl<.x'p. And I'm not 
kidding, it s ahnost hkc- a |')hobia or a nK-ntai l:)i(Kk. I .start reading a 
textbook anil ! fall asleep. \\ ithin 20 minutes. It s just too dn-. 1 don't 
leani well troni books Ixxause I like to he able to ask questions. If I'm 
reading along aiul I rea<.l .something that doesn't (.juite make sense to 
me. and no p.uiiter how hard I think about it. for some reason I'm just 
not looking at it right or whate\er the reason that it doesn't niake 
sen.se. e\enlhing they i)ase on that no longer makes sense. If you 
don't unLleisiaiKl why the buikling stands up. then sou'll always look 
at it in awe. The whole thing [ust tloesn't s(.'em like it shouUl be there 
AikI so that gi\es me a real problem (I.em). 

N'ou Lan'l rea^l an atlas as you would a no\el Instead, suidents relied on 
the lectures to make the texts sensible — and on the eiKi-of-chajMer problems 
that senet.! as the focus of llieir homework. 

Mobilizing the Textbook and the Lecture Notes: 
Homework Problems 

1{ the textbooks were like atlases that Lon.sliluted the laiulscaj^es the\ de- 
sciibcLl. and lectures were like narrati\es of journeys through those land- 
s(.apes. then the text problems' were like outings or field trij^s Thev" ke\ed 
students U) how their texibooks anel notes might be useel. 

1 tend to read textbooks backwards. In other words I look at the 
problem, and then I see what the textbook has to sa\" that applies to 
tlk' piobU'm. and then 1 work the problems anel go backwaixls. ril 
lead a i hapt^'i ihiough. but it realU doesn't help \ou. \ mean what 
\ou shoukr do IS \oLi read a chapter and then you get to the problem 
and then \ou soKe it. but if you read the problem first you know w hat 
\ ( m re h u )king h )r. w hai kin^l ( )t Rk'as \ou neeil to uiRierstaiKl ( .Mice ). 

Pn »bl(.'nis wl'ic alst ) the k^A tasks b\ iiR'aiis ot w hu h suulenis weu' e\ ahi 
ated lloiiK'Woik j^iroblems usLially counteLi U^x Jo to .^0 per tent ol a (ouisc 
gtade. aiul the tests that ae counted foi the remainder consisted n\ j^oblems 
like those in the homework This liomegeneit\ in the task sinutuie oj course's 



:iK-ani lluit suidcnts studied, and sUidicd for tests, not by trying to nicinori/c 
formulas, definitions, or e(Muepts. hut by i.'\er(. isini^ their al:>iHlies to ruo\e 
through text worlds in {he form of problem-solving. As we saw in the last 
chapter this was a eolleetixe e\perii.'m.'e: 

Vou take the notes and read the text and I make an outline of what 
it is that we've learned and uy to put all these notes and seribblings 
into some logical order. .\nd then you just work problems and work 
j')roblems antl work [:)roblems. And argue about them with you class- 
mates ( .'\rnold y 

But in most of the classes, the notes are — you read through the 
chapter mayi)e. again before you take the test, and you definitely go 
through, all of the notes antl make sure \ou uiHlerstand everuhing in 
the notes, and then you also use the notes to \ in pn>blem-sol\ ing. 
Ikxause most oi the go<)(.l professors w ill gi\e a lot ot" exanipk's ol 
different t\pes of problems, .so \ou ll be able to do the homework, 
and so when you re working the homework vou can look back ai the 
examples they \e done in class aiul use the notes that way too (liob). 

Students t(Jok advantage of the standardization of textbooks in the disci- 
j^line to use non-assigned textbooks as souixcs ot stu(.l\' [Problems. These 
acklitional texts did not describe or include different things-, they siinpK pro- 
\ided a(.lditional maps ol the textspa(.e 

.Xlmost e\ er\ bo(.l\' rea(.ls things from outside the assigned homework. 
soUes problems. . . Theie's stuff from the libran . or books just piir- 
<. has(.'d — for instance, the Feynman lectures — 1 think e\erybod\ 
who's seimus about getting out of here owns the l-e\nman lectures 
and uses them as a lesouue 1 I 'rhe\' introdiKe the same material 
trom a different i^oint of view and give problems to work (Arnold) 

TIk' additional jMoblems tlie.se texts pio\ided. like problems generallv, 
po.se(.l sh.on lourneys though tho.se regions, they gave the students o|')]^onun- 
ities to get from one place to another, in 1-evnman s (190"^) words. Thus 
students auiveU looke(.l foi problems and used them as fiaiuew ( )rks around 
whiUi to oigani/e their Mudy grouj^ activities 

.\11 of the problems in a ph\sies t(.'Xtbook are ne\er assigiu'd. >o 
there s alwa\s a lot then* ANo, a lot of limes, especialh in ijuantum 
mechanics, ilu' teacher will bring other problems, and will leave pans 
« •! tin." jiiool up to \on to do. as .in e\en ;se .\nd the othei place is. 
a I oujMe of triends and 1 sit around and ask each other about — make 
up pioblems Sometimes they relate to class aiul sometimes just lor 
(he fun ol it ( Alice i 
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This .scniL'stcr \\c find il cxUlmiic'Iv liscIIiI lo do [the prohlciiisl in 
groLijTs . u)Li sol Lip the prohlciii. and usiially there'll he ai least one 
person in there who ll say. well. I think we c an start in this way', and 
if", ytui know, if we start working on that tangent and noiiiing works, 
well say. well. I guess ihafs wrong, lets u\ something else'. It s 
mostly trial and error and j^raetiee. . . . Il helps because different people 
key on different things when yoii read a ehaj)tei' or when you under- 
stand problems (Kelly). 

We work on something until we come to a problem. One of us will 
have a problem on it. .And then we ll a.sk each other if we know how 

10 do il. or w hat did \-ou think about ihisr'' and ihen we ll usually — 
usually there's someone who has .some kind of idea on ii. and one of 
us w ill go uj^ lo the boar<.l and stail writing out our ideas on the l^oard. 
and then e\ er\ c)ne who s ha\ ing a jiioblem w ith it will sit there and 
work on it logL-thei' (Hob). 

Pailieijxiling in the rei")reseniaiional organi/.alit)n of sjiaee-time of the 
textbooks and {"Jioblems was something students could not easily do alone. 
Tliev needed textbooks. }U"ncils. jiaj^er. a room with a chalkboard (not easy 
to hnd in plusies buildings, the group .sessions would mo\e hom week 
to week as space was available) — and ihey needed each other As .Mice 
e\})lamed 

1 \ er\ lareK do homework assignments comjilelely on my own. It s a 
wry work together climate . . When you get stuck you don i just sit 
there and mull o\'er il. .\nd you don't ha\e to run to find a professor 
e\ei"\ lime you gel sluck. The oiIkm thing is that they tend to point oul 
your weaknesses. Vou know. Mike knows this and I don I. So 1 gue.ss 
I need lo .study this more Tour heads is better than one. Talking about 
phvsics is a real imponanl j^art of it. if you just ir\" to always think 
about it or write about il 1 donT think \ou e\ er know what you knew 
'I'oLi need lo talk about il. you need lo be able lo pm il into words, 
w hat you know. Because if you can l. then noli really can't Lindersiand 

11 .And so working w ith other peo|')le forces you to pui it into words, 
to say what vou ihink. to say why yon think your answer is right and 
iiis IS wrong . We work. )ust going through, basically soKing prob- 
lems And we would jusl take turns I:ach gelling up to the blackboard 
and wriiing the next ecjuadon. and arguing about w hy things are. and 
w h\ we belie\e the answer is this, and there were a lol of things that 
we tonnd we didn I nndersiaiul and wc argtu'd through some ol ihem. 

II the j)iogiain s material organiXalion of sj\ue lime compressed siuck'nts 
mU) gioups. then the problem tormat pro\ iclecl the medium and the trigger for 
group interaction Allhonghl some authors ha\'e p( Milled to llie emjihasis on 
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j>r()blcin-s()l\-in^ .in llic generative foac behind llie dewkipnieni of discij^li- 
naiy 'nieniai sets* or Kinsieikingen' in fields such as physies (Kulm, 1%3K I 
think it more fruilhil to say tliat prol^k'ni-soKing is an exercise in niobiH/ing 
phenomena and ['Jrodiieing discii-jlinaiy repiesentational spaces. This reHeves 
lis of the diil'Jious cogniti\ ist assiiini'Jtions behind the idea of 'mental sets" and 
allows lis to ask two inij^oilant questions: why was problem-solving the prin- 
cipal jX'dagogical medium in physics educalu)n. and wh\ did social, group- 
eftoils became the dominant format for working jMoblems? 

Mobilizations of the Physical World within 
Disciplinary Space 

As we go further' (in a sociLil. not just physical sense) from the cenler ot a 
network (such as the j-jractices of professional physicists), more and more 
mobile and immutable representations are ivcjuired to hind the netwoik to- 
gether In physics education each mobilization was accomplislied through a 
strij^ping awa\- of context ■ the textbooks mobilized ecjualions by stri japing 
away the context ot practice, the lectures mobilized the textbooks by stripping 
awa\" the context they supplied, the suidents' note-taking mobilized the lec- 
tures by strij-jping aw ay the words of th.e jirot'essors. and the homework prob- 
lems mobilized e\eiyihing by stripi'Jing away all except the eciuations and the 
diagtams. the basie building blocks of reality' in the rej^iesentaiional space of 
j-)hysies 

This relentless reduction (^f the world to textual forms allowed students to 
coiiMriiet linkages among the courses in the recursive curriculum: 

It's ieall\- kind of funny, because as one is taking a class — ai leList I 
alwa\s lend to teel that it's removed from eveiy other thing It's vei> 
specific And then you 11 be taking another class, and then and only 
then do you siail seeing the overla[X and ont e you get really into 
things. It s all a big continuum (l\iul) 

After youAe taken a course and you're on to the next level, you see 
how that course really helj'Js ytni to get to w here you are now. And 
you do that each stej-) of the way. As you're actually taking it y(»u're 
basically trymg to get ihiough the course, pass, gel a grade, and 
untouunately I find that 1 don't undeiMand it as much while I'm taking 
It as I do (ijtcririinis — when I've seen everything, then I see hnw it 
all sdit t>l fits logeiher and intertwines (Debbie) 

Vm\\ exposLiK' to a topu .uioss tin.' touises and \ears n.- msuibed the 
topic in e\ei more mobile, mathematized lorms (torming what Latoui calls a 
(arcade of representations') This mobilizalum through increasing 'lornuiliza 
lion' iii.ide it possible lo bind together the \ari(His courses ot the curriculum 
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in a way that connected ihcni in turn to the liclorogenc(uis spaces of the 
disciplinaiA network. Lat(uir (198"') suggests that formalization is a way for 
disciplinar\- nt.-tworks t(^ stal^ili/e their contrc^I over a region of practice (to 
im[M)se or inainlain a spatio-temporal structure): 

When people wonder how 'abstract' geometry or mathematics ma\' 
iiave some hearing on reality", they are really admiring the slmiegic 
position idk^'n by ih.ose w ho work inside the centers oii forms of 
forms. They should be the weakest since the\- are the most remote 
(as ii is often sai^l) from an\' application'. On the contrary-, the\' ma\' 
become the strongest In the same token as the centers end up con- 
trolling space and time: they design networks lhal are tied together in 
a few obligate) IT passage points. Once exen- I nice has been not only 
written on paper, but rewritten in geometrical form, and rewritten in 
ecjuation form, then il is no wt)nder lhal those who control geometn" 
aiul mat hematics will be able to intei*\ene almost anywhere. The more 
abstract' their theoi\' is. the better it w ill Ix- able to occupx' centers 
msiile the centers . . . The more heterogeneous and dominating the 
centers, the more formalism they will retjuire simply to stay t( •aether 
aixl maintain their impLTium tp. i iS). 

.•\s the niobili/ations of the etjuations became more fonnal (to bind the 
large network) group a^tixity became impoilant precisely because the empir- 
ii^al' workl hail bei-n factorcJ out of the et|uations. Students mo\ ing through 
the curriculum gradually lost access to e\eryda\', familiar referents, they were 
forced to Liraw upon each other to formulate 'abstract' referents (j')henomena 
existing in plnsics* representational organization of space-time V 

Kuhn ( \ ^ri)) put his finger on the technology of physics education — the 
probleiu — but missed its function in suggesting that: 

Doing problems is learning consetjuential things about nature. In the 
absence of such exemplars, the laws anJ theories he [the student) has 
previously learncLl woukl ha\e little emjMrical impact. . . . The student 
discowrs. with or without the assistance of his instructor, a way to see 
his problem as like a problem he has alread\" encountere'.l. Haxing 
seen the lesemblaiice, giasped the analog\ between two or more 
distinct pioblems. he can interrelate symbols aiul attach them to 
n.iture in the ways that ha^ e pio\ed effecti\e before. The law-sketch. 
sa\ f = nia. has lunclions as a tool, informing the student what simi- 
larities to look [or. signalling the ,i^csf(ilt in which the situation is to be 
seen The lesultant abiht\ to s^-e a \aricly ol situations as like each 
other, as subjects for 1 = ma or some other syml)olic generalization, is. 
1 think, the main thing a student acc|uires In* doing exemplary prob- 
lems, whether with a pL^icd and paper or iti a well-LlesigncLl laboni- 
toi v ( pn ISS, }<S<)i 
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KuhiVs cogiutivist loading ignores the social nature of problem work (learn- 
ing to "see" connections among problems was a social, discursive accomplish- 
ment ». hui even more problematic is tiie notion that students were "attaching' 
something to nature. 'Nature', at least the way we constitute it in eveiyda\- 
practice, was {Precisely what had been purged horn the problems, hideed. it s 
not clear lluil this level of problem work was even relevant to the represen- 
tational practices of physicists. Paul, the only student among tho.se 1 inter- 
viewed with experience i[i a major research lab, obsened that: 

Academic problem-solving, .is so completely removed from what 
\ou have to do, ultimately. 1 mean, you're never going to have to sit 
and figure out how a penny spins and show it mathematically. And on 
lop of liiat. eveiything is set up for you. It s .so completely orhogonal 
to real life situations. 

If there was any n-ilure' or empirical realitv' to be found in the problem 
seis it was a reality c o;/.s/;v/c/(v/ by and in the practices of prc)blem-solving. As 
Arnold explained, looking back from the perspective of a student near gradii 
atu)n. the iniroduclon' courses had pro\'ided: 

a better intuitive grasp lor v hat s going on. By the time you've gotten 
into classical dynamics or classical electrodynamics the matli is so 
powerful — It s just ama/.ing to be able to solve the.se j:>roblems that 
vou had to slave over in earlier courses just in one line. But il your 
only intioduction to the.se concepts is through this veiT powerful 
mathematics, you re going to lose touch with what's going on behind 
the math, with the physics. ..\nd so you develop, pediaps. \our intui- 
tive grasp <4"the real W(Micl in the introducton' cour.ses. as well as )usi 
an ability to comi^rehend this mathematics and apply it. . . It s a 
levels process. In graduate .school 1 11 take exactly the .same thing je g.. 
mechanicsl. except at a high.er level of niathematics. 

(.omments like this illustrate the impodance of intuition' and physicalitv ' 
d)otii of which were accomplishment^ won through years ot coursework) in 
ihe discourse of phvsus. thev rooted phvsits in a real'. objecti\e wodd. As 
Alices eomments suggest, this sen.se of possessing a privileged access to the 
jMivsical world was a constitutive element of being a physicist: 

can't le.irn the higher mathenuitic content il you don't understand 
the j^iinciples behind it 1 mc:in. yni ha\e to keep a real good grasj:> 
MM what IS phxsical and what isn t. oi else \»)u cl be a matlieiiiatK lan 

But what does this di.scourse ol ■|)hysicality cntailr' In Alices account 
below, a ( hail is no longei something vou sit in. it has become an object in 
the lepie.senlaiional space-time ol physics 
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When you lake iiiccluiniLS :U llic freshman level, you don't solve 
anything tliat's real. You're working with frienonless ropes and 
frietionl ess rods and friction less pulleys — I inec*n mass less rods — 
nothing is taking into account all of the little peiturbalions, the little 
things that make life interesting, and make a problem interesting, ^'ou 
cant, yoii know, solve what happens when you push on a chair. I 
mean a chair is a complicated object, it's not sc.[uare, it's not sphericaK 
it s not shaped like a rod. 

Wlrat was plnsical' or intuitive' here were forms describable in math- 
ematical terms. Mathematical formalization became the necessary' bridge from 
the piv-physics notions of physical it\' that the students brought with them to 
the program to more abstract' disciplinaiy notions of concrete' leality. Kaii 
explained this better than an\' of the othei" students I inteiview ed. Me began 
by saying that he tried to keep e\ er\'thing groimded in a physical understanding: 

\X'hen 1 study physics, w hat 1 like to be able to do is be able to reduce 
eveiAlhing that I know d()wn to a few concepts which make sense 
ba.sed on ii physical le\el. So when I look at a step I like to be able 
to reduce it, to take that equation and understand what it's sa\ing on 
a physical le\el. 

but then he went on to explain what he meant b\ physical' 

The framework that I'v'e hacl has changed considerably from the time 
that I came in. especially when I got into my quantum mechanics 
Llasses. where a lot of things aien't physicalK' inieipretable, but what 
vou (.lo is Stan out with a set of abstract postulates and come up with 
it. So that was a \ er\' interesting iclea — to have abstract postulates. 
I'm interested in math loo. and lhat was \eiy exciting to me. \'eiy 
mlciesling. I had a suLlden realization that ihe j')hysi<.al postulates — 
the ■[">hysi<.ar postulates — were also absiiact. that I just .saw them, 
lhat was all (Karl) 

'^hl.^ notion ol ab^tiaci ph\sieahl\' is widely accept<.'d among [>h\ ski.sIs. 
TIk' iMiysics Sur\\'\ (.!oinmitlL'e ( lO^i), loi examj>le. dL'fenLied college pln su s 
programs hoin the charge that they o\ ei -enijohasized the mathematics anci 
lunKxi . siud<.'iils into mindless (.'qualion soIwms' 

( )ne ix'as( m lor this preoccupation with f( )rmalism is the tantastit' growth 
ol quantum MKHhanus and its impau on nio^i oj physics Hut tlu'ie is 
at least one other <.ause To look al a problem from the provL'ibiaK 
and somewhat subjectiveK delinet.!, physical j>oint of view may seem 
lik<.' the natural. innalL\ human approach, but actually it ret|uires liiiK', 
patK*me and cxp<.MKMue to <.i<.'\elop j>h\sual intuition Although got^l 

"o 
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Icacliing can help :i Mudcnl suhsuintially in this process of niaturing, 
there is no reason \o discard the learning cmlch provided hy easy 
taiiiiliarity with tbnnal manipulation. Hxcessive matheniatization of the 
curriculuni for its own sake is certainly undesirable, hut the use of 
forma lisni is oin iously to be encouraged \\ hene\ er it can eliminate 
impediments to physical understanding (From Physics Survey Com- 
mittee, 19"^2, p. "63). 

This is a distinctive ontology, one in w hich mathematical formalization is 
necessarv" to eliminate the impediments', pie.sumably common senuous experi- 
ence, that hindci' plnsical understanding. As .students encoimtered the same' 
subject matter over and Ov'ei, abstract formalisms became physical intuitions, 
the physical became abstract . It s as tluuigh the further one moves from 
evemlay space into the space-time con.stituted in the representations, the closer 
one i.s said to ino\e to reality, to nature. Nature' itself is that which connects 
heterogeneous spaces, and tliose connections are mathematical lornis. As 
Feynman puts it: If you want to learn about nature ... it is necessaiy 

lo under.stand the language .she speak.s in. She offers hei' infoiination onl\" in 
one for»\r. mathematics' (p. SS). 

This did not mean, of couise, that the students confused the e\eiyday 
with the physies world, that Alice could no longei- simply sit in chairs, oi' lhat 
Karl made no distinctions between cars on the street and elementaiy particles. 
The students mo\ed through the representational spaces ol physics as. and 
onlv as. components of distributed' actors that inckaled other students as w ell 
as their professors, iheir textbooks, and their pencils and paper. The curric- 
ulum ^.lid not annihilate the evervday world, but it created a differeni real' 
world in representations ol' space 

.\s long as we deal with discrete local' phenomena, we can formulate 
them m concrete, modalized representations based on simple ex[ierience w ith 
eveiyday objects': pendulums', for example, to talk about sin:,)le motion, LC 
diagrams to talk about elect ricit\- (cf. Feynman, 1%"^. p ll'^V When we want 
to examine main dispersed sj^j^cs and phenomena, how'e\ er. it's necessan to 
represent them in torms that are mobile and unchanging How lo connect 
pendulums and circuits? Our e\'enday associations help little: it's ditTicult to 
\isuali/e the two phenomena as one. Hut the c(jnnection is easily accom- 
plished if we tiansiorin tlieni into mathematical representations. An eciuation, 
as L.itour ( 19S~) jHils it lies diU'erenl things together and makes them ccjuiNa- 
lenf ip l^X). The more spaces we want to connect, the greater the range ol 
phenomena' we bind, the more iiiathematieally in\()lved the representations 
become and the more problematic intuition bast'd on e\entla\" cxperieiue 
bee ( Miles 

but this \\,is noi the enliie sti»i\ Flusits students. s(»inewheie in the 
couise of their undergraduate suidies. stopped focusing simply on the prob- 
lem ot mobilizing evciyd.u phenomena — tiaiisl.iting them into matliematit al 
foims so that lhe\ could be connected t(» otliei mobili/ed phenomena — and 
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inMcMtl Ix'gan lo work w ilh rcprc.scnlalions iluii liatl become dcuulictl troiii 
phenomena — .second-, third-, or /ali-order molMli/ations (Lalour. 198"^. pp. 

While il wa.s imj'JorUinl lor the students initially to link equations to visual 
representations of physical systems such as circuits, after a point, like sailors 
operating far from shore, their primar\- media became the equations tbeni- 
.selves. Ihey followed the chain of mobilizations until the links themselves 
were all that remainetl in \iew. the initial anchoiings hatl receded into the 
distance histead of functioning^ as models of physical s\ lems. diagrams and 
other \ isual representations became partial Illustrations of mathemati/ed sys- 
tems, and once into the quantum mechanics j^onion of the curriculum (he 
phenomena students dealt with were no longer approachable excepi though 
the mathematized represuiaailonal organization of space. 'I'raweek ( 19SK). in 
iK-r suul\ of high energy plusici.sts.'^ describes them as building: 

an extreme '/ulture j>f objectiv ity: a culture of no culture, w hich longs 
pa.ssionateK for a worUl without loose ends. withoL'^ temperament, 
gender, nationalism, or other soLirces of disorder — for li world out- 
side hio>i(i>i time and space (p. emphasis abided) 

hi llie untlergiaduate ph\sits program we can see the beginnings ol the 
practices by means ot which physici.sts move out of human, everyda\- bodily 
space-time, aixl into the textual space-time of the di.scij^Hne Just as the mate- 
rial organization of spate-time in the program pressetl studeiv.-^ into groups 
and closed (Hit outsiders, the lepresentational organization of space-time con- 
nected students with a i^lomain of practice inaccessible to outsiders. l*he ira- 
let lories ol tlisciplinai \ practice lead almo.st exclusively toward a relati\el\- lew 
organized centers — research universities and laboratories — where powerful 
leihnoiogies of representation and construction mobilize the world in a toim 
malleable to the discijMine The result is a tighth organized disciplinaiy actor- 
network, one in which people physically distant and never in tace-to-lace 
interaction can work together on specific mobili>-.ations or c( instructions ot the 
world (theories or experiments) 

The mobilization and compression ot the world into disciplinar\ spaces i.-. 
not. howevei. the onl\ wa\ a discij-illne can constitute it.self as a powertul 
actoi -network in the next two chapters 1 11 examine the management program 
as anothei wa\ ot educating j^ractitioners for powerful disciplines, one which 
moves them along trajectoiies into loosely oiganized iietworks and mobilizes 
llicii prauive in a \c-r\ ditleient tashion 

1 Vci'i.ilK. tlu-ic weie I<»ui iki.ilK -'is il iIr'% vl lakcii high st hnni plnsus (omses. 
\slmli nsvi.ilK ^i>\ci iIk s.imk' giouiul .is llie liisi college- u>uin's. allx-il ui a 
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in.uhciiuiiit siinplitio(.l Unr.\. Sharon Tniwcvk ( Mig)H<.'sts Uiat this ivcui^i\<.- 
airnculum ivllccis a straici;ic wiihhokling <)t"tiK' truth ccMiuuon to long novitiates. 

k-arn that information taught at <.*ach state is often (.listorie*.! or partial, a 
veiT rougli approximation of the trutli. wliieh is to he thsdosetl at later 
sia,ues No\ lees are thought to he unMiiietl to a full tlis(."l<)sure of truih in 
llu's*.' first \ears ( p S(n. 

.•\s the text makes clear. I t.l(Hi t think thi.s is the whole sioiy (ainl for the 
ta«.ull\ s pan I think it was less an unwillingness to share the truth with entering 
students than the fact that the truth' as the\ uinlerstood it eoukl onl\- he expresse<.l 
in terms not \X't meaningful to stu<.lents) 

J \n any organization. il fieki '.lominatetl h\" an oligopoly there are slr(»ng pressures tor 
product standar<.li/ation and homogeneits (cf Peterson aiul lierger. I'^r^. Dimaggio 
and l^)weli, IVS.-^) Since ihe texthook int^kisiiv itself has an oligopieal striKliire 
u.t>scr. Kadushin and Powell. 19«2) there is a general pressure for the standardi/a- 
iion of all texts a gi\ en market area, hi the case of pin sics — .in oligopicalh" 
structured discipline — these pressures seem to ha\e produced a rigi<.lit\" 

^ .\s Kuhn (P>"()) has ohst.-i'xet.i. such a textuali/ation of disciplinan pratti^^e is a 
comnii>n teature (»t science fickU (or at least. s^oukl <.iualify, their etkicational 
(. oinpoiK'nts) 

It) an extent unprec(.\k'nt(.'d in other iiekU. hoih the la\iuan's ainl tin' 
prat, litioncr s kno\\le(.lge (»t sciciHe is hascd on t<.'Xthooks and a few othei 
t\pes i)f liieiature (.leii\e(.l troni them iKuhn. Pro. p l,*^") 

• [he lop twent\' graduate piogranis m the NalU)nal At.at.lemv of Science tlVS.-^i 
tankmgs listed thirt\-si\ icxts m tlk'ir t^k'st. nptitnis of undergrat.luat<.' prcpaiation. 

^ lew of tin.' tcxthooks m use when [ studiet.1 tlu- prt)gram were uinler a <.lecat.ie J 
<in the un'.k'igraduate management prt)gram. hv contrast, none of the texthtioks 
was iiiore than five \ears okl) 

<» liawt^tk goes on to anaK/>.' what she tails tin.- svihlnniiiar iiK'ss.igcs m a texthook. 
hut t.l(5(.'s n<»l t.'\an^jiie liow textho(tks are reat.1 t)r us<.'t.l hy stut^lents or taculiy 

" The lightning kkI example was ,i familiar trope in ph\sKs textht)oks prioi it) 
Woild War II (eg., sauiiders, V)M\ pp -^.-^ t-^) 

S riaw<.'eks stut.l\ shows sinue t)f the tuher practkes — tht)se o{ ex|X'iimeiitalists 
working with t.'xperinK'iital machiiit.'iy — that nnistuuie the sj\ue-time oi\ler ol 
pli\sics Again, unt^leiguuluatt.' prt)grams mv oiiK a hegiiiiiiiig. tlu- students wli{» 
gi.idiiate tiom tlu'in t.lt) not t.'iiK'rge as tulK -tk'tlget.1 disc iplinan piactitioiH'rs. 



00 



ERIC 



Chapter 4 



Constructing and Isolating Academic 
Space in Management 



The studoit s ccnver on anN/)us is thruil iis coni/uired with future 
yeuanls en id respofisihiliiies. hut ^ireu eerUu'u com nut} i cofidiiious. 
his experieuces cuv cm ufueittiu^ii prepciniiiou for the executive role. 
) ears of education hare uuuiy implications for the type (f student 
(a) irho attends school with more rocatioual thati ititellectucd piir- 
p( >se: (h) who u 'ishes t< > pat 1 icipc ite u idely ' on ca ttipiis (Uid yet ct a i vs 
\>ood marks, at id (c) who for these and other reasotis is forced to 
budget his time 'Paltou. J^)5H. p. 1(h). 

'I lic physits progiaiii's coiiipivssioii of space, exclusion of outsiders, and 
inohili/alions of ph\ sical i^hciioiiKMia ivpivsein one oxanipio of how a sci- 
oncc begins to shape praailioners In- eoniieeliiig I hem lo llie wc^iid it con- 
st riiels. In this chapter and the next IH examine a veiy dilTerent way of |')roducing 
social spaces and actor-networks : that of corporate enterprise, at least as it 
nianitested itself in a management program that created an extensive hut (rag- 
mented disciplinary' space and mobilized social phenomena in hcKlily prac- 
tices Where the plnsics program pulled its students cnit of their 1 todies, the 
management program reconstrLicled and mohili/ed student bodies. 

If the physics program was like a moving pathway shuttling students into 
dis( ipline-spet ific material and representational organizations of space-lime, 
tlie management program was more like a boundary' that .simultaneously de- 
fined and created points of passage between two regions: the academic world 
and the business w(uld. It follows that the discussion of the management 
jMogram and its students won't have the structure of the preceding chapters. 

Che material organization t)f space-time in the physics program gradually 
cut off physics students from other material spaces and scjxuated them from 
students in other programs. The management program. In contrast, congre- 
gated students" (.ourscwork in the business school building by their third year, 
but allowed students hoin (he ditteient business piogiams to mingle with e.uh 
other. Whereas physics students couisework consumed their w.iking iiouis, 
the tourscwork in management was iicNer so demanding as to occujn" the 
majority ol students' time outside the classroom. 

The lesuli m physics was the creation of a disuibuted actor, the pioblem- 



soK ing v^roLips. llul couki siiMair, ihc nia.s.ssvcly rcdLKlivc cducalional icxlual 
s|xicc-linic prockuvd hy the representational practices of the discipline. In the 
management program, by contrast, students intersected wiih large networks 
that exfxmded social spate instead of compressing it. Instead ot a dense social 
space that linked a small group ot" students together with strong ties, manage- 
ment siLidenls were tenuously linked In weak ties to a potentially enc urinous 
network ot" practitioners. These weak i)ut highly extendable lies were fash- 
ioned throLigli llie bodily {practices and .styles of .sociability that w ere part ot 
the program's material pioduetic^n of space. 

Reversing the order in whicli I tleali with the forms of .spatial production 
in the pln sies program, 111 examine that materia! pnxluction ol'sp.u e-lime an<.l 
bv)dily practices in the next chapter and begin here with the rejViV.senratK )nal 
pioduction ot sjxice in the program. The rea.son is thai the latter, which in 
physics v as about mobilizing aixl compressing phenomena into disciplinai\" 
tonns. merely pioduced two rigitlly sej^arated domains in the management 
program: a weak, subordinate "academic worUl defined b\" the representa- 
tional pr.iCtices of'ilie business .sthooL and a r(')bust real world' defined b\" the 
material practices ol the modern corporation. I want to show how this dix i.sion 
was jModuced before examining how it connecte<.l students lo domains of" 
tlist ij^linarx pi activ e 
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In contrast to tlu- S.oon Bachelor s <.legrees awart^led in physics each \ear in the 
I n, about l^^u,(M)u Bachelor s degrees were awaixled yeari\" in business at the 
time ot this siud\ . P I VI <.ent of them in managemenl (llugsiatl. IVS.^. pp \1, 
111)* 

.\s a field of practice, howewr. ■management ' isn i jusi larger than ph>s- 
Rs. li s also more inleniall\ t^lifferentiated ami moie sjxilially dispersed (\\ hillew 
b)Si. describes ii as a "fragmented adhocisiCN ' ) most |")resiigious busiix'ss 
schools aie graduate institutions that de-emphasi/e or don t offer undergradu- 
ate degrees in business fic'lds These' graduate schools orient themsehes to- 
wards j-noducmg workers for tlie growing manageiial ranks of ih^- modern 
cor|-)()ralion K haiKllei, b) i Othei insiuutions. like the one I studied, haw 
maintained speciali/ecl undergraduate majois wliiU- siimillaneously iniilding 
up their giatluate piograms uf Wheeler, b)()(i. j^j^ o 

Nlihough graduate and undeigiaduaie jMogiams lia\e different goals and 
^.tudent I heiiieles. ihete is a tension belwt'en the iwo m insiiuitions that ton 
tain both .\t the uni\eisit\ I studied, an asit'iulant fauion of the management 
depaitment's fat ulty I oiKentiated on giatluate eduuition ami felt that imjMON 
mg the reputation of the dejxmmeni meant de emj-jhasi/ing (or eliminating) 
the undergiaduate pi(\i;iam We do not put a lot of emjMiasis on the uiidei 
giaduate piogiam . the new de|\uimeni ( haii told me 
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The widely-held philo.sopiiy in this depaiimcnt is thai the sludenis aro 
Ix'ltcr oft' gelling nioic of a Liberal Ails ediioaiion ai ihc Lindergradu- 
aio lovol. wiih cnougli professional iraining m) if ihal'.s thoir lasl de- 
gree iluMi I hey arc employable.' 

Teaching responsibililies for ihe undergraduale courses had been siiifled lo a 
snuill group of older, lenured fauiliy. and a nuniber of non-lenure irack In- 
st riiclor.s (foi- the most pail letired execuiives hiiei.1 a.s atljuncis 

(^ne consequence of this .siuiation wa.s thai, unlike physics, where .shilling 
teaching assignnienls distanced jirofessois from the content and taciliiated a 
lexibook-ba.sed standardization of the curriculum, undergraduale management 
faculty (inclLKling adjuncts) essentially 'owned' their courses, defined the con- 
leiM and function of the courses for theni.selves. and taught them year alter 
\car This connected the undergraduale management jirogram lo its organi/a- 
!ional field very differently than the jihysics [irogram. 'fhe graduate component 
in management was oriented to\sai'ds a<.ademia (in the PhD I'ouie) oi" the 
managerial ranks of national firms (in the route), while the undergradu- 

ate component oriented it.self toward the lower and mid-management ranks of 
regional enterpri.ses.' many of l!iem linketl to ihe business school through 
alumni, corporate C( >ntribLit(Ms and re(.ruilers. or through the laculty wlu) as 
I ( uisnii.iins or tormer e\ecuti\es retaiixxl close lies to regional firms. 

The resLilt was ihat being an undergraduate management major seemed 
to mean little more than gelling on any of a numbei of j\ilhwa\s that might 
k\Ri to a good lob in one of these regional firms after graduation. Students 
lould steji onto these pathways at various limes m their college careers. There 
were noi. as in the plivsus program, spatial and temporal boundaries limiting 
stLKk'nls eiiliA into the management j^rogram to an early siage in ih.eir aca- 
deiUK careers There was none ot the progressive compression of spatial and 
leiuj^oral piatiicesand social ties that c haraciei i/ei.1 jihysics students' academic- 
caieets jrom high scIkh^I onward ' ( )nl\ one ol ilie management .siudents I 
inler\iewed. m tad. had decided lo niaior m the field in high .scliool The 
olhers look acKaniage ot the piogram's leinporalK loose' course-taking le- 
c|uiiemenls to mo\e into it m the middle of lln^'ir college caieers 

b\ a 'loose couisL simcliuc i mean that although lliere were mam re- 
(juired couises (see Appendix i> lliere were tew prere(|Liisiie resiriclioiis on 
wiien iluA could be taken Tin- allowed siudents lo conijMess leciuiied 
coiiisc'woik into a minimal niimlKi ot semesU'is. ihe\ could switch to business 
m llicai second or thud \ears. choose man.igement as a luaior then final \ear. 
.md fii the couises mlo iheti schedules wiihout gieai diflicult\ 

Slime sindetits. like ( iiilis. joe .iiul l.ick. began college m jnogiams with 
siiong e\c hision.uA piessines ( m then c ase engmeeiing. a j-nogiam with deadK 
weed out comses ) .md switched to luanageinenl because o| giade j-n-ol-jleins 
Mail, toi exanij-jle. mo\ecl lo managemeni from the pre clentisiry progiam — 
wliu li he d onl\ gone mlo m the first plac'e bee aiise his gitltriend w.is a denial 
assistant - when second \ear cheniisir\ kicked lliisl .iss" Husiness. loo. had 
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introcluctoiy. lowor-cliv ision courses aimed at weeding out students: notori- 
ously punative courses like economics and business mathematics. As Slieena 
recalled, her Ireshman economics class met at 

Nine oclock in the morning Monday. Wednesday, and Frida\'. 111 
never forget that class (laughs). He always lalked lo the chalkboard — 
always talked to the chalklx)ai'd. And. you know, it's one of iho.se 
classrooms that goes straight up. I alwa\s .sat at the back because \\\ 
alwa\s come lo the class a minute before ihe bell rang. And he locks 
the doors If you're late you don't come in. If he foigels lo lock one 
of the doors, 'cairse there's two entrances, he \ells al \ou and he will 
ask you (o lea\e. ^'ou mu.st pay al lent ion. you mirst take notes, or else 
he ll ask you wh\ ytni re not taking notes. If you fall asleep in class 
It's (.lead I y A lew of irs clid thai 

Courses like this, and the busiiies.s school's minimal grade j^oini a\"erage 
retjuirements (there were none in physicsi, winnowed the .study body. I'nlike 
plusits, however, ihe goal was not to produce a small, highly-moli\aled co- 
hoil of students, bm simpl\ lo reduce ihe \ ery large numbei" ol sUidenls who 
wanted business tlegrees.' 

'!'he ina|oril\" ol siudenis were nol refugees. howe\'ei" 1-or some, like 
Delberl and \ elma. ihe jMogram was a fall-back w hen lhe\ found lhe\ wanted 
lnisin(.-ss d<.-grees but dKln'l ha\e an inleresi m an\ panicular held 1-or olher 
students stich as Dell and Rhonda, both ot whom were tlouble-majoring in 
marketing, the managemeni degree w as simpK a hedge against job shonages 
in their prelerred held This also indicated, of course, the suiclenis' llexibiliiy 
ov lack ol' V ommitmenl lo a specific occu[")aiion Dell, lor example, liked mar- 
k<.-ling besi. bui was tonsKlering an internship in in.surance uin.lei'w riling on 
the ad\Ke o( his girllriend's boss (who was m ihe insurance fielch C!unis 
wanietl lo Work loi j bank, b ii K\(tgni/ed that with the banking inclu.sirv m 
a slump this might be iirpossible Khoncla wanted to work tn iiiarkeling lor j 
maioi phariiic v euiK ai i oi , uaiion. bui had disc<)\eretl ilirougli coniacts in the 
t'lekl diei lalhei was a tlothM ) thai lhe\ rarcK hiietl enijilo\ees tliieclh out ol 
t ( illege 

l inalK. some siudeiils went into management smij^K because somehody 
suggested It to ihem (lira I(m e\am|>Ie. maiored in managemeni bixause 
shed read an aiiule in \\<>ti>mi^ \l o;;/c// maga/me <.les<, i ibing hospnal atlmin 
isuaiioii as A glowing fk'KK n<»i betaus^' she hatl an\ j^iici micix'si m manage- 
nu.Mii « 11 hospitals lt>! D'>mih\ die dt'usuin l< > maior m manjgetiu'ni wa^- 

m\ latliei s c hi " »sing I w asn i sine w hai I w anU'd U > tl< » as a In si, 
man. and m\ laihei saul. win don I \ou tlo busnu'ss. and so j saul .ill 
tight, .md he said. wli\ don I \oii gel. quote, the easiest and most 
libeial d<.'gtcr \ou i an gel u. the st hooj o| busnu'ss - wliuh 1 be 
lie\ e t« > be management 

.V ; 
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The choice of iiuinLigenient as a major, then, in sharp contrast to physics, 
had little to do with the field itself. It was the product of expedience, the 
exclusion of alternatives, or the result of external direction or advice. It follow s 
that the program itself was not defining identities and interests — it was not 
advancing li prohleniaiization — in the same fashion as the physics program, 
hi the next chapter 1 11 suggest that the program mobilizing students in a 
way that made them particularly suited' to the prohlematizations of a whole 
range of corporate actor-networks to whom they might be connected. Here, 
however. I want to note briefly one aspect of the different coast ructions of 
gender in the two piograms. 

ManLigement students were drawn from a more dixer.se arra\- of family 
backgrounds than physics .students. Parents of the latter wc-re college educated 
and for the most part employed in the corporate, academic, or government 
.sectors of the econoiin . There were also working-class students in physics, 
while I ne\er encountered liiem in management (although there are bound to 
have been some). Instead, the parents of the management students included 
small businessmen and lower-level managers as well as professionals, and 
iheir educational backgrounds were varied: some had not gone beyond high 
school ' It was the pt)sition of women in the two programs. howe\er. that was 
mo.st strikingly tlifferent. 

In a sense, if i^ihysics was a j^rotolyj^ical male' j^rogram (jxiil of a rigidly 
stnielured career .secjuence planned out years in advanced students' trajec- 
tories into the iiK^nagement major resembled the 'loo.se. cj^isodic structures' 
that I)()i(>thv Smith ( 19S". p. (>(>) says characteri/e women's lives, 'not .so much 
a career as a series ot contingencies, of accitlents. so that I seem to have 
betome who I am almost b\- chance' ip. (n) While 90 jX'r cent of the plnsics 
luajors were men. an e(|ual number of men and women majored in manage- 
ment. W hile women are still disadvantaged in actual nianagenal j^actiee ( Kanler, 
19 several characteristR's of the management program 1 studied oj^ene<.i it 
Uj> to women 

I'lr.si. the much more jV)rous soeio-spatial boundaries of the piogram 
detleited some ot the potential jMvssures on women pursuing a tnulitionally 
male licld in a jMedominantly male business school with a faculty heaviK- 
dominated by men The j^rincipal forms of social organization and support 
were located onfsiclc \hc academi*. .setting, in groups that were in some cases 
lOMiposed exclusively ol women (eg. the sororities) Women m management 
didn t ha\e to depend on. let alone work with, the male students Second, the 
lelatively small number of courses reciuiriiig students to do gi()ui> work on 
i.i^esdi solve problems ma\ ha\e been a fat tot. actounting. a \ei-\ piobleni- 
(Mient«.'d field wheie siudents did Wdik together on homework problems in 
gioups. lias piimaiiK male 1 inalK. management was nowheie iieai as time- 
uMisuming as ph\sies Women majoring in the field didiil have to de\ote the 
piepondeiame ol then waking houis to it. nor did majoring in management 
lommit one to luithei ediKation oi to a higliK determined t.iieei j\ith The 
women maioimg in management saw theniseUes in the Uiluie mo\ing in and 



(A)}isiructinj4 (i>ni LsoUitin^ AcaJcmic Space ni Management 



out of various jobs, perhaps changing careers allogeilicr at soinc point. Mclinda, 
for example, was about lo lake a personnel job upon graduation, but in the 
longcM" lerni she wanted lo get nianied. have a faniiU'. and peihaps work 
programming computers t)ui of her home. I want lo work to live, not live to 
work'. W'liile male management .students expre.s.sed similar sentiments, .such a 
statement would not have been made by a serious j-^hysics .student of either 
gender." 

rnhke physics, then, where enrolment meant taking on the identity of 
■l')hysici.st\ a member t)f a .sclu)larly community exploring how the world 
worked, a degree in management' wasn't attached, in .student or faculty eyes, 
to a particular identity oi- itlet)log\', or lo the iiKLsten* ' of a pailicular body of 
kfunvledge. 

Courses That Do Not Constitute a Network 

In plusics, the temporal haine of academic acli\ iiy was the entire sequence of 
j')h\sics courses leading to the HachekM' of Science degree l\iculty and stu- 
dents alike looked at the ctjursework as being siib.sianli\ely connected, either 
m the sense that later couises drew on practices introduced in the earlier ones, 
or in the sense that lopii s andMssues weie being cv cled thiough in dil'ferent 
<.()urses at dil'ferent levels of complexity. In management, by contrast, each 
<.ourse was essentially self-contained and separate from the courses that pre- 
ceded OI fallowed It I'nlike the lime frame in j'jhvsics that suelclKxl across 
(.<»urses arul \ears. the lilleen weeks of the semester was iIk' lelexanl lenij'joral 
unit in management CLich course built up lo a climax (usualK a final lest i and 
w.is then forgollen" lis suulenis began the next semester with different profes- 
sors, students, am.1 subject matter 

W here j'lhysics comj'jressed social spate inward toward the small problem- 
soK ing grouj^s operating in the academic, setting. an<.l coikxl time through the 
iecursi\e irc-aimeni ol toj^cs. the management jMogiam exj'Janded students 
social sp.ue and Iragmentec' their lime into segregated, shon-ierm cj'Jisodes 
B\ expauLling social space I mean that the j'lrogram extc*nded the IrLime of 
student acii\it\ be\ond ilk' boundaries of the' academic setting b\ connecting 
students to student oig.nii/auons .md busiiic'ss j^ractitioners by Iragmeiiting 
lime I mean the j'>rogr.iin cieaic'd a temporal order c< iiujiosed ot utuonneded 
M ti\ ities the c < Hiisc's clidii l build u\m mi oi u laie l( > < uie anc nhca . and c lassw( )rk 
tonsistc'd c)l biiel. disuc'le tasks 

*l he inosi stiiking c onse(|uenc c ol the short lerm time trame was that 
stiick nts I ouldn t exaluate then couisc-s m ic'ims oi then linkages t»i pasi >)i 
hilure ai .iclemu e\j^ei ieiu es. and so wc'iglied them direttk in teiiiu o| what 
thc'\ onsidcicd the o )Uisc's c\c'i\d,i\ ol lealwoild ic'le\anie siiuleiits didn I 
t|iic'siion ihe geiU'i.il iiiipoitaiicc ol .ucoiintmg in business piactice, loi c'N 
.imple. bill ilu'\ weieni suie ol il le ielc'\ aiu e ol ihe tw o ret luiied at c t uinting 
».<»uises lo ,1 nianageineni (.iieei Aon know, if vou'ie in bitsnu'ss nsu.ilK 
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haw M\ ;K\<)untani working tor you" (joe) Irrelevant' auir.se.s were either too 
■theoretkar. like IntroLlueiop. Organi/atioiuU Behaviour, which had siudenis 
memorizing bits of organizational theor\- from Taylor through McGregor, c^r 
too specialized, like the Introducioiy Operalion.s Management course, w hich 
required them to learn ec|uations and do a lot ot math problems. Students 
weren't the onh ones who cjuestioned the value of the quantitatively oriented 
■management science' or operations management' courses The adjunct tac- 
ullv of the program, recently retired from the managerial wc»rld. flatly ques- 
tioned their relevance, and one of the graduate .students teaching the course 
concedcLl that: 

As a matter of fact, when they gel out into the world. I'm not sure how- 
much contact ihev'll have with the operations side of the business — 
at least in the I 'niied States the operations side has l)een neglected tor 
a long lime and eventhing was run Ivy the finance people and the 
marketing people So ! really don't know how to answ er that question 
— when ihev gel in the real world, how much help will it be.'' 

\\\ anv evcm. /^o/r (.our^es were taught seemed to make little ditterence 
lo how suklents thought of them, i^oth marketing and iinance w ere veiy large 
ieuure courses students were usually onl\ required to take notes on the 
leuures. read the textbooks, and take multiple choice tests over the material. 
>et maiketing was disliked while finance wasn't. Marketing lacked practical- 
it\ t |oe» aiKl according to Dorothy consisted mainly of numerou.s tacts that 
1 didn't tliink weie particularlv relevant anything in life' The finance courses 
diew more positive reactions from students because they were considered 
.ipplicable to e\eiAday life .Xs Cllaia explained 

lln the .Managerial FmaiKc classj vou learn about investments, and. 
\ou learn what is a good investment, how to determine il s<iniething 
IS A gooLl investment or a bad investment, ^'ou (an re.ilK use ihat It's 
umI |MaitK.il I mean, it <.an be praUical on a personal le\cl. or at a 
1 1 »ip< HMle lev(.'l 

r.kh <.oiiise. then, w.is weighed lot its lelev.iiue to the work world. . . 
external spj^e. lather than its ivlevaiue t<><^ihei touises 11 its relevance was 
wr.ik the suidents mdgetl the touisewoik harshU In the management j^ro- 
gi.un Kuirses were piesumed giiiltv until |Mo\en iniKKcnt Pelbeit s ojiument 
illiistuU's the undeiKing suspicion 

1 1 11-11 pn»bjhK s( .iiiul had. 1m 11 I don l scr lu iw A V A « 't these v l.isses 
.ue iiseliil .It .ill 111 the business w-uld 1 think the most iiselul dung i- 
i\peiK'iue iiuunslii|>s. ih.it tvpe ol thing I mean, unless \ ou le out 
iheit. vouie not going t<> leain liow biismcssL-s lun tlmaigh bo<'ks 
.ukI siiitl I me. Ill \<>ii gel \oui h.isu ule.is. bm 1 know, one ol ni\ 
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triciuls got a ]()h and ihcy looked at him and said, anything yoii 
learned in ihe book, lorgci it. Ixxaiisc \\v rc going lo leach \ou the 
\va\ lo do il our way" (DelheiD. 

Manageinenl suidenls eonsideretl iheir eoursewoik siilied'. thai is, more 
connected lo theoiy, les.s connected to action" ( Rhonda). The jihy.sics program 
avoided ihi.s prolMein — or rather, made a \ irtue of it — by creating a hermetic 
disciplinaiy space that produced disciplinar\' j")hen()mena in the inirodiKtoiA 
courses and then niathemati/.ed them .through a recursive cunuLilum. The 
j^rogram enrolled students in organizations ol' .spa<.e aiul time where il wa^ 
imjx-ralive to deal not with the ph\sicalit\- of the eveiyda\- subiectixe world", 
but with the phenomenal world constructed in the rei'>resentational spaces 
of physics. And to get access to the phenomena oi j'>h\sics — the colliding 
jxinicles. oscillating sNstems, and so forth that were constitutive ot j^lnsits — 
one IukI to ilo ph\sics (or learn to see e\'er\tlay acti\ity in j>hysics terms). 

li-) mar.Ligenu'nt. suutents were similarly pulled between two lompeting 
acior-networks tr\ing to impose definitions on the j)henoniena of the business 
woikl the prograivi on one haixl aiul on the other the business world itself, 
enc ounteretl tiirough summer jobs, familial connections, and mosi imjionantU 
through the social networks thev encounteretl in the business school. I nlike 
phvsics. howe\er. the manageir.ent program s interes.sements tailed and the 
auidemic construciions ol realit\ ne\ er approached those of the business world 
m iniiv)riance lor the stiulents I'or the moment 1 11 .suggest that this la<.k ot 
enrolment was .i conscqueiue ol the f.ict that there was no obligatoiA course 
sc'tjueiue in the piogiam 

Students Shaping the Course Sequenee 

1 he spatial aiul tempcial orgam/aiion ot atademii work in the management 
piogiain was shapet^l b\ stut^lent pia(.tn.e histead of ha\ ing to lit iheir lives to 
lite j')iogram s spatx'-lime regime. sUKk-nts (.ould iuo\"e m and out ot ihe j^ro- 
giam With rel.iti\e ease aixl fit its a<.adeinit ie(iuiiements into theii ongoing 
p.Utei ns ( >f at uvil\ Ph\ sR s siiKk'nts' time w as monoj'>oli/ed by required ^ ours<.'s 
ih.u had lo be taken in a siriel sctiueiue .Management maiors took many more 
e!ecti\es. aiul while sonK* pans of inquired courses were se(jueiKed (eg. iIk' 
two .mounting toiirsesi there wx'ie no subsianti\e links between iIk'hi .\s a 
result . management sUKlenls didn t mov( thiough their cour.s(.'s together ami 
the lUiiKuluin wasn't a site tor lonning triem^lships and cralting protessif maf 
identities Howr\er. the tragiiK'nted touist' sc(|U(.'iue did tostei othei lorms o| 
s( )i i.il ( )r.t;ani/ali( >n that • « >uld imjv)s(.' a suut luie ( )n tlK' \ ariabk' curncular land 
siape I lo()k fiisi at 111 >\\ siiKlents iiKtbili/rd intoiinatioii .ilvuit uniist^-s and 
piotessors. then at Ik a\ tlie\ insuibed and mobili/ed the touisfs tliems(.'l\<.'s 
Iki ause the content ot m magement courses \aried tiom j^iotessoi to 
pii )|rssoi «e\en inoie s( » than in oiIr'i business fields sut h as .k t our.ting 
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stLidonts" liioiccs about wlicn and IVoni wlioin lu lake a clas.s sliapcd Uic 
spacv-liuK' oi-^aiii/.alioii nl ilicir coLiiscwork. 

'IIk'.sc choices were guided In' studenl-orgaiii/.ed advising neiworks in- 
stead ot die ^)ffkial advising svMein run by tlie business school." ' Some of this 
|xvi advising was inlonnal: during regislraiion, ioi example, when people 
congregated in the business building cafeteria to exchange information: 

hi fact 1 had several people come u\) to me going What classes should 
I lake?" And I'm going '^ ell, you want an easy semester, do you want 
an a\-erage one, or a real hard one? Or do you want to learn a lot or 
not learn a thing?' (laughs) . . .And you get the general consensus 
that it s a tough class but you do learn something. And. ah, usually jirsi 
p^^.oplc — you can walk around the Inrsiness building ihe week be- 
fore preregislralion . . . and you re going Wait a minute, whal s this 
person like*'' And everybody's in the cafeteria and they're helping 
each other: "t'oii don'l want this person!' (Sheena) 

More often infonnation on courses and faculty was managed by ,student 
organizations According to Rhonda, students in the Management Organization 
group would tell her such things as This is a good course, this is a fun course, 
this teacher's reallv good, this is a course where you really ha\e to work hard 
to make an A but it's \eiy worthwhile. Things of thai nature.' Sometimes 
meetings were arranged specifically to allow students to counsel each other. 

This next coming Tuesday, the .Management Association is going to 
have a imeeUngl about — we're ju.st all going to get together and helj^ 
each other out on who to take who not to take. Or. if you want to 
t.ike this, this is what you're going to have to do.' So people know 
what to expect. It makes you feel like — maybe it makes you feel like 
you have a jump on the next gu\ — and you probably do (Dell). 

hiateniilies and sororities (whose memberships were dispn)ponionately 
composed ol business majors) had instilulionali/ed this process. Sheena 
explained: 

With the soiorilies a d 1 niternities, what the\ do is like they put, like 
they put them all into alphabetical order They put Money and Hank- 
ing' :ind ihex'll put Dr X' beside it. and they'll have a li.st. i'hey'll have 
a good list" and a bad lisf Ami the bad list are usually professors that 
are incoherent or somelliing is not kosher. And then you have to 
put \oiii name uiidei the stuff \ou wrote down That means that 
people can come to vou and ask you why didn't \i>ii like this clas.s>' 
I.ike people will come to me and they're going to ask me 'well. Sheena. 
wh\ didn't vou like Managerial Finance with Dr /?' And I'm going to 
go basicalK because of my altitude. I didn't care I wanted a giade. 
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\ wanU'ti oLil oflluu clu.s.s. 1 Mudictl for il. I was jiisi frusiraicd, Ix'cluisc 
I iricd iiiul I coLildiri do il. And tluMvforc I don 'I like iIk- class/ And 
thov'rc goitig to go. "oh. OK." Aiid 1 11 go, "Hut, sou know, it you iv a 
finance major antl yon gci into economics and accoiiniing, ihcn iluu s 
fine, you'll love ihc class. Hut for mc. uh-uh.' ... So ii's whai jX'oplc 
want, it's jusi goo^l or bad 

In.slead (')f having ihcir spatial antl temporal trajectories shaped b\- pro- 
gram re(|uiremcnts, stiulents oiganizetl the space-time relations among their 
courses Schetlules weie com[')oseLl for reasons unct)nnected with the sul>- 
slance f)f the C(»urscs. As Cairtis explainetl: 

1 hate S: 00 cla.s.ses. And also I liketl getting out early in the after- 
noon, which is OK. So I changetl my 12:.^() cla.ss to ^-.-^O so I could gel 
out at noon, insteatl of having lo break I have thiee straight 
c lasses. . . . rd rather go twice a week foi- that than three times a week 
for SO minutes — although ihiee times a week goes by really quick 
as far as when you're in there. . . . Antl also, another thing I like is lo 
be off on I'ridaxs. I xe clone that on thiee semesteis, I'xe been off on 
laitlays 

Instead r{ a curriculum producing a compressed. di.scijMinary .social space, 
as in physics, management students shaped their cuiiicular setjuence to 
duce a minimal disruption to other .social activiics This coivsULiction of the 
turiiculum as an aggregation of unrelated courses, in conjunction with the 
teiiiporal and sjxitia! fiagmentatit^n that resulted hom the course selection 
practices I xe described, led management .students to rcjire.sentational j^ac- 
tices for mobilizing cunrscirork lathei- than disciplinaiy jihenomena. 



Representational Production of Academic Space-Time 

In the (>h\sics jMogram nole-taking, .studying and problem-solving were pans 
ol a ca.scade of representation that enmeshed .students in the di.scij'>line's rep- 
lescntational j')roductions ol spate-time. Physical phenomena weie reconsti- 
tuted as stable, mobile and combinablc forms that could be worked upon in 
phvsics practice In the management program, b\ contrast, .students inscribed 
(M- spaliali/ed the .social jMactice of their (.lasses in movaiile forms that could 
Ih' combined and consumed in a te.^ting situation. These strategies of in.scrip- 
lion varied from couisc" to course' As Doiotlu exjilained: 

I'oi a couise such as the management cla.ss I'm taking right now. ah, 
be ilhe piolessorl emphasizes his lec ture notes I write down as much 
,is 1 possibK can . . . panialK because I do not want to miss anything. 
paitialK because it keeps me alert il I'm constantly writing. . . and I 
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Miidy I he nolcs lic:ivily iKvaiisc he si rays h'oin I lie book, lie doe.siVl 
leel I he i)ook is eoiuplele . . . As lar as ihe hook is eonceiiied. 1 doiVl 
spend as iiiueh liiiie on it as I woliIlI oiliei- elasses, sifUpK because he 
eiii{')hasi/e.s p.oies 

IMotessors were tiie definers of rele\aiK'e. Rather than performers Lleiuon- 
stratiiiL; paths throui^h a lexl-eoiistitiiled spaee. iiiaiiageiiieiii professors tried lo 
use texts lo formulate distant spaees ( corporate settings and piaetices) that 
siudenis were su imposed to lepi'oduee in movable forms (notes) and combine 
Willi textbook lepresentatioiis (w iitten cases oi- theon- suniniaiies). W hat h:\p- 
pened. however, was that stutlents treated textbooks, let'tures. and other tasks 
as rej^resentations not ol the business workl.dnit ol' the end of the semestei". 
I lie le.st 

As far as I'm conceiiieLl. the hist tla\ . when they you the syllabus 
antl they la\ out whai they expect, that's piobably the most valuable 
class Wni know exat'tly what to tlo to L»et a ceilain gratle. 1 tion't 
always tlo it. but you know what you nee^l to tlo. So I usually jiist .i;o 
with the flow ot the ( lass, see how the class shapL's up .ukI what 1 
need to do. tr\ to lay it out like that (t)ell> 

1 think intoii.itioii — just how teachers speak, you know wiuifs im- 
portant 1 think basi( ally it you just i;o into a class an^l listen, a teacher 
,ui\es so main hints abcuit what's important it's really easy lo pitk 
out . Also \'\ c t^otten into the habit of. ah, il the teacher eniphasi/es 
lhat ihe book is \ery importaiil; wIr'ii I'm reaLling it I go through and 
outliiK' e\ei'\ thing Ah. 1 think I'm a gootl listener in lectures An^l 1 
liiiiik 1 take good iioIl's. I think I ni ablL" to taptnie what iIr' teacher s 
li\ing to s.i\ lairK well in m\ notes, aiul so it s basuallv ]ust suiLking 
my notes aiul the book d^honda). 

1 take notes during class. wliene\er the teacher writes something on 
the board 1 put il tlown. Anything that he repeats 1 put down, or 
aiu thing lhat sclmiis important to me I II put down. Or il' he s a teacher 
that just follows iIk' book strictly. I'll be f1ip|')iiig through the book and 
underlining what he has coxL'red in the book, or j')uttiiig a checkmark 
b\ It or ending that page number, scribbling a note in the margin 
< 1 >oi Mine ) 

I'lobabK- the luckiest atliibute I lia\e is that I'm able to pick out what 
ihe U\u hei sa\s !!'..t is impoiiaiii It iiia\ come h<nn alieadx ha\ing 
read the text It the le.icher s saving something that the textbook said, 
//v// s impoitant It the leather is using an illustrative sion-. that's not 
as important to write down in (.letail. Ah. delinitions are alwa\s im 
portaiit Lists are always inijMMtant (.harts and graphs are alwa\s 

()/> 
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importani. Ah, it's quite simple if you've read tlie maierial and if you've 
paid aneinion to the syllabus and what the focus of the course is. If 
you've focused on that focus, then you should understand what to 
pick up (Melinda). 

h'oLi know what to concentrate on] mainly by what the instructor 
cmphasi/.es. . . Hver since I was a freshman. I've always believed that 
if a teacher wrote it down on the l^oard. it was important enough for 
me to learn it. If it s something the instructor puts more force behind 
or spends maybe a lecture or a lecture and a half on. it's important. 
The textbook, if it's. ah. if it's — simple stuff, if it's bold face, if it s a 
title of a topic, or if it's continually repeated in the textbook, you keep 
being referred back to ii ( Jack). 

In some ca.se.s piofessor.s ga\ c fewer cues and .students had to wait to sec 
wluit kinds of material were Ix'ing a.sked for on le.st.s before knowing what 
[')onu)n of the textbook or the lecture to include in tlieir note.s: 

Some teachers are ju.st really difficult to lake note.s from — no type 
of structured lecture or anything, lust kind of of! tlie wall. Like Ixe 
got a finance teacher now who ju.st love.s throwing quotes, and little 
siorie.s out of 'Ihc Wall Street Jounial I ha\e no idea what to write 
down, so . . . in that cla.s.s. I try to pick uj^ on higli points. He'll .say 
.something out of the book, and 1 11 make a note of like what he said 
.iiul the page number I tiy to follow him in the book. He goe.s pretty 
good about following the book He just doesn't really elaborate much 
on it. .Xnd on the hrst two le.sts . . . what he's .said out c>'' ■H)k is 
what's been on his tests, and not what he's drav ne Wall 

Street Ji>ny>ud. So I Llon't even write those notes down. I ju.st study 
what he says out of the ho^^k ( joe). 

I lake notes and I re-\vrile my noles. and I also take ivues hom m\ 
readings, and then I combine the noles from the classes anil readings, 
and that's wh.it i suidv from — and hoix' that I [kicked out what 
thev're going to lest over Most of the times \ do Sometimes I have 
no idea where they got the material lor the test — it's not what 1 was 
siiuKing Maughs) (Soni.i) 

Inst as stiRlents (. ompiesse<.l .md m<^bili/ed the tcM like aspcets ol then 
piotessors" performances in then notes, ilu'y distilled their te\lbt)oks to extract 
testable items in tompiessetl loniis t nlike ph\sKs textbooks, wiiuh weie 
tools .md stiuauiing ivsoiirces" (I.a\e. b)S<S) toi group suid\ activity, manage- 
ment textbooks were consumable comiiKKlities Von couldn't get :tt the sjiaces 
and times ol plnsas" outside texts of soipe kind, but man.igemeni students 
c ame to the \ lew that management' was netess.mlv <»///.s/(//' the text Textbooks 
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were irrelevant lo 'business reality'- In terms of academic practice, manage- 
ment students didn't have t(^ move through a text-space or build space-time in 
text; they merely had to m(\bili/.e the texts in forms that could he combined 
and consumed (in shoit-term memorization) foi' one space-time event (the 
final test). Thus I'm less interested in the ideological assumptions in manage- 
ment texts (e.g., the depolitici/ed view of corporate life they present, see 
Pfeffer, 19S1. p. l-t) or in their accuracy (see Pethia, 1983) than in how stu- 
dents compressed them into more mobile ft)rms. 

Some students simply drew on their know ledge of te.sis as texts to trans- 
form ( edit ) the books into test-pre|^aiation tools: 

As I read the l")o()k I highlight wiiat 1 consider to be impoilant and 
beginning from a week to two weeks ix^fore the exam, depending on 
how much material. I start going through and making outlines of the 
chapters in the book. Not as in Roman numeral one, a. b, c, d, as in, 
you know, just summaries. I feel that the knowledge, the material is 
put into my head better if 1 read it and write it down. . . . 
\Ses[)or. How do you know wliat to highlight in the b()()k?l 

. . 1 tn- to stay away from sentences that are blanket definitions. They 
stand out like a .soie thumb, you can tell those. 1 rarcK e\er highlight 
lho.se. 

\ScslH))-. Why not? 1 would think that's whats mo.M likely to be (^n the 

Hecau.se in bold ispe it's oln ious that it's Imponant. So 1 don't take 
the lime to underline it. I sually you can j^ick up a (')lanket definition, 
ju.st on an exam, you know, it's olnious, 'number C is the blanket 
definition'. So if there are any blanket definitions tluxse are preiis 
much obvious to me (Dorothy). 

Other stLklenis tried to fu.st eomi^ess the t(.'Xts and then combine tlu'm with 
the classn( )tes: 

What I usually do. 1 get the b{)()k out and outline the chapters Then 
1 get the notes and kind of interrelate them with what I just outlined, 
ainl then |ust study like: I'd get a legal pa<.l aiul outline a page a 
chaptei-. trying to juit down all tin.' goo(.l [^arts. And then with a dil- 
It'reni colour pen I'd put the notes in an(.l .stuff, and .studs like tho.se 
toi tlie next coupk' of days (l)elb(.'n> 

In manag(.'ment .ill smdying' — a(.ademic work in or out of the classroom 
-- was lot u.sed on tin.' t<.'sts (or in the (.l.is.ses that u.seil them, the jxipers. c.ise 
re|">orls or game simulations that determined gratk's) W hile students (.lilferetl 
111 how the\" t ompr(.'ss(.'(l textbooks into mobile lormats i.ukI sonie \ k\k1 
the books at all, aue[>ling that this wt)uld liun their grades but c.ilculaling that 
it wouldn't lain them too much), .ill of the management .siuilents I Interviewed 
used their mobili/.ations of iIk' leUiux's and texts to compiess iIk* course spa 
li.ilK and tempoi.ilK into as lew pages that could be coiisuiir'lI in .i short 
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period (days or hours) just prior to the tests. Studying for the test' (a test being 
llie ulliniaie compression of the course) meant replaying the course in a spatio- 
leniporally compressed form: 

For a lest . . . primarily I would study two or three days before the test. 
I felt like 1 could remember it better. So I'd go through, three days 
before a le.si, and maylx* read all the chapters, go back, highlight 
chapters, and then from where I highlighted 1 would take notes. 1 
figure if 1 write il down, 1 could .see il on m\ paper and I could 
remember the material a lot better. I d do that primarily for es.say and 
multiple-choice tests ( joe). 

Kver\body goes, you know, "well, you .should keep up with your 
reading, and all that stuff all the way through the semester . W ell. 1 did 
thai on my first round of exam.s, and 1 got all Cs. And so 1 said blow 
this off. And so my next . . . risk management insurance exam . . . was 
over six chapters. So the week Ivfore, 1 read all the chapters, and I 
ouilined even thing. and left it alone, and the night before 1 went over 
all the outlines: got a 96 on the exam. Cool, I've figured this one out. 
And so 1 did that lor all my other exams and 1 got nothing below a 
^K) ,S() I .said, 'okay, now I've figured it out'. ... I have to wait — that 
way it stays in my memoiy longer, and I can remember it. II I study 
.something in Januaiy and I have to take an exam on il at the end ol 
.March, I'm not going to lemember it (Sheena). 

like Sheena, most of the .students had heard, and learned to ignore, the argu- 
ment thai good .study skills' meant studying regularl\- throughout llu* semester 
ratlier than cramming. I*'oi- most, cramming became standard practice: 

I tnatnly loc us it before tests. . . . I'm not one of those good jx-ople 
that comes home Irom the lecture and reads over the lecture and 
learns it then. I ve never been able t(^ do thai. Thai's not how I siudy 
I study a lot before tests (Rhonda) 

^'()U memon/ed it lor the test and alter the test was o\er \ou loigol 
what il was all about (laughs) . If it's a cla.s.s I feel like I m going to 
have diffi( iilt\ in, I'll siud\ ihem |my notesl e\ery night .My manage- 
ment cK^s.^e^ light now. I don't feel very tliieatened by them. I mean. 
1 lake the notes, and then I l<nik at them the night after c la.ss — if I 
don t, fine ~ and then when test time lolN around I always start at 
least a week ahead lor even tes( And 1 spend one night getting 
(iigani/ed. jnd then allei a mglil ol oigam/alK ui. then I go m and siait 
spending two to iw ( )-and'a half hours a night until the test. ju.si 
leading them over I laiely re-outline my notes or re-write them. The 
same wa\ with lexibooks, I don't outline the textbooks 1 highlight, 
init 1 don l |oi noles down I don't outline textbooks ( Jack) 
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This C( )iuprc.s>i( )ii ot liiuc icmc Ik^I cxirciue propoilioiis in soiuc sludciils* 
praclicvs Thc\' clclavtxi sludyiiig lo tiic last luomcnl lo foixc iIkmu.sc'Kc.s lo 
pick out tiic k'.st-icic\aiil luaicrial and ii^noiv ihc iv.st' 

1 ir\ to ivad liic nuiKaial and then I hack thnuiiiii and just — the 
nit;ht i')c{orc the test — 1 usually j^osipone it until lAe ,uol just a few- 
hours to study, and I'm toieing luyself to jiisi skint and just hit the 
hi.ulipoinls. And I ean t afford to waste time with material that's not 
important. And .somehow 1 just lend lo prioritize it, without ihink- 
int; about it. . . I'll skim my notes. ... In high seln)ol I ne\er studied, 
period. I^ut I did just fine. But in junior college I had to study a little 
hit more than in high s^^hool. but not much. iUil 1 f()uncl that if I 
eraiiimed right before the exam I did about tw t) letter grades better. 
Like ! would make an .\ rather than u C . . . If 1 .studied the way they 
tell \ou to stucK'. I just couldn't seem to — ma\be I learned the 
material better, mayl)e it stayed with me longer if I studied the right 
wa\-, but if I want to make high grades, the best wa\' to do it is to cram 
( Dorinne I. 

Kven when such practices didn't produee high grades some students took 
j^ride in their ability to make adecjuale grades w ith a minimal expenditure of 
time Cain IS was the most hardcore erammer ot this t\pe 

I'lrsi of all. the notes of e( uiise. c oncenlrate (>n them. ^ ou ha\elore.icl 
the s\Ilabus just a lot ol times to gt't hints on things to stress. Or they'll 
gi\e hints on whether the book's going to be more imp()rtanl or not 
more imj^ortaiil I don't keeji uj> with m\ reading <mi a regular 
Ixisis hke \ (Ui should I'm a c rammer. Like 1 said. I think I know 
bow to study real well I realK do. Lm good at jiicking uj) what's 
going to be in the lest Lm good at knowing what to siiKiy, becau.se 
some ot the cramming I'\'e done in the j^asi, normal j^eople wouldn't 
be able to j^ass and 1 can pull Bs or ("s out of stulf that people 
wouldni e\en be able to jxiss. j^criocl L'or insiame. not to be j^roud 
o( this, but in m\ intermediate aceounimg. which is hard .stuff, and 1 
-realK didn I keej^ up m there because I'm taking it j^ass fail, so for tlii^ 
liisi ic'si - It was icmIK pivW) rough, and I studied the night befoie 
loi about Iti hours. 10 oi \2. Ikmiis. ancl I siased up till S(H) in the 
Mu )ining. g( )l an Ik )ui s sleep . 1 lead two c hapters all the w as thiough. 
kind ol hard leading, kind ot long, and 1 lust Hew o\ei the homewoik. 
I dicln 1 W(Mk It niNsc'lf I iiisi looked .it the .insweis and figured <uil 
li(»w tlie\ did il Well. I ended up m.iking like- a ( on the e\jm but 
hke 1 s,iid. a lot ( ►( jH-i )ple w ith that t\ pe < I lung w ( uildn t b</ able t( > 
I mean, theies a lot ol people who aie keeping up. doing all the 
le.idiiig, doing the lu)mewoik. and the\ still make Cs .\iul I c.in tlo 
It like the- night oi tW(j behne and make .i (' So I think as lai as 
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knowing whal to siudy and how lo suicly, I lliink I'm prctl\ good at 
lliai . . . On that same thing, if 1 read the cliaptL-rs and kcpi up and 
.studied saw tiiiee liours even* nigiit. e\'eiy night, llien I eould make 
a lot Ix-tter giades. I eouicl make A.s. And I don't make that many As 
because of m\- study hal>its. tlie way 1 do it. Altliough when I . . . sta\ 
up ail nigin writing paix'r> 1 usually do well in them Kairiisi. 

In pln sie.s the eha|Mer-end j">roblem.s were shon journeys through j^hysies 
space that allowed students to make sense of the exi'>ositor\ sections ot tlie 
textbooks. The test items were .similar to the weekly homework problems 
exeejM that the student.s had to work the former alone and within a limited 
time jvnod In both kinds of activities, students had to Use the mathematical 
lormalisnis ol the discijViine to move through the text space. In management 
the problem was quite different. The students' task was to compress the space 
and time of a panicular course (its lectures .in<.l its lextbook(s)) into a form in 
winch it could be. in a sense, consumed prior to and then regurgitated in 
tlie test setting. Melinda. a siraighl-A student. Llescrihed an extreme version ol 
this process 

The most helptul thing I le.iine(.i to do was to condense iun' notes 
because ha\ing to condense them means that you ha\e to understand 
lliem .\nd 1 would condense it down to the smallest outline fonii and 
i Lould almost alwa\s reduce an entire chapter to a page And so 
when it came to a final time, instead of being covered with this huge 
textbook <Aer here and 1^). .-^0. H). SO pages of notes over here — let s 
sa\ the textbook had \1 chajMers and the teacher had slaved with the 
lexUx^ok. 1 d lia\e \1 jvtges in front of me Sometimes onb' the front 
of them because I would write real small, so it wouldn't ix* too much 
lor me to handle, cause it looked like one jitece ol ixijvr; I can do 
thi^ It would all be on one piet c' ol paper, so j could skim through 
il. and 1 would slam through. 1 would .slam through those j^ieces of 
|>aper to the point where / nUihl i^o lhr(m,i>h the ('////re (.curse in 
(ihoiii la tniuuU'S hc/nrc (in e.v^/;// ' That s what I would do belore m\- 
finals Id jUst read ni\ notes fastei and faster .md faMer and condense 
tliem .md ( ondense them iMelind.D 

I ndeist.iiHling' the couise meant being able to compic*ss it sjxitially and 
tempoialh . to rcconsuuct it in .i formal that resembled the tests in their sjxitjo- 
teiiiporal paiameteis 



l lie Circulation of Academic Commodities 

When 1 fiist st.utetl doing fieldwork 1 roulineb asked siuclenis if ilie\'d give 
me then notes .ifiei a course was ovei I tjuitkb leali/ed 1 couldn't do much 



W illi the j")h\sics MLidoni.s' nolcs. thai il \va^ ihc procoxs of" taking ihcni, liyini^ 
U) work alicad of the profcs.sor'.s Iccmiv. tluit was inipoiianl, iku whal was 
written down. In nianagcnicnt. stiKlcnts liad other uses for the notes and 
wouldn't i^i\ e iheni to me. Melinda was the only inanageinent student I inter- 
viewed who <.lest roved hers- 'I just saw these niounds of paper that weie too 
hii^ lor me to ever ,^0 haek into, or to eare to. "I'uu eould ne\er find anvthin^ 
in them.' .\ lew students kept theirs, thoui^h usually for no pariieular reason 
(as Joe put it. 1 think I keep them )ust to have proof that I went to college'). 
Only Rhonda elaimed to aetually use old notes: 

My iioie.s: I keep them in a tile eahinet. and 1 usual 1\- do end up going 
haek to them a lot for other ela.sses. . . . There's one elass where I'm 
working on — it's a marketing class and we ha\e to go hack and do 
a lot ot financial an.alvsis. and so Wx- gone back to m\- accounting 
notes and g()ne through some of that (Rhonda). 

Most ot the students in the program, by contiast. ga\'e their notes to other 
•students Notes, test.s. and j)apers done for a cla.ss were roulinelv circulated 
to students about to take the class. /• s one student explained: 

I save all [my notesl. I have them all uj^ on a shelf. Some people 1 
know . younger. Vvc given them to. and I 've gotten a lot of notes trom 
jX'ople. . . \'( u might haw an old test or two and \-ou can .see lunv 
tlie\ 're dt)ing it. It helps a lot to study off of those. That's been a big 
ditlerence this semester, too. Hvery single class that \\c had was re- 
commended to me. I think that's made a big difference, no cjuestion 
(Dell) 

.\ lot ot times, i ll lake all ot m\ notes. jMus I'll coj')\" someone eLse's 
— not a lot. \ \c done this w ilh two course's — and copy someone else's 
notes to supjilement mine, to get both ot our s j'^ersj'jectives (C.lara) 

Notes were passed down across geneiations ot students: 

.\ lot of people. . they come up and ask did you have slkIi and 
suih a class>" ^'eah'. What were the tests like'-'' Well here's m\ test. 
m\ old lest, my old notes and stutt.' I mean. I got all these notes from 
other people, they )ust keep getting passed down the line So. I mean. 
1 h:i\e them all. and I bad a lot ol them I've given away So ihe\'ve 
lome in helphil. like me using other j-Jcoj^lc's notes, eause I mean, ifs 
the s.iinc class, but thc\'ll get stutt out ot it. ma\be. lh.it I wouldn'l 
ha\e . that's been lealK useful It's just another set ot notes that I 
would coincide with m\ notes, whu h I would then coincide with the 
01 Kline of the chajMers to try to get the basic ideas, the main points ot 
the course ( Delbert) 
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Tests and wriiing projects iWnn pajx^rs) were also circulated: 

I save tlieiii all. ... I save le.si.s — I tiy to save as many le.sls as I can. 
And I put ihem in the Phi c:hi Theta test file, for other people, to help 
them. . . In I'acl I'm bringing some calculu.s tests today (Clara). 

These lest files were not .secret. In addition to the ones controlled b\ 
siLidenl organizations like Clara's, profes.sors of qi.iantitatively oriented courses 
^uch as finance Lisually put sample tests on file in the university libra r\- — and 
.students knew of at lea.st (jne course with tests on file that were still being 
u.sed. Papers, on the other hand, were circulated only through student organ- 
izations. Bart, a .senior, described the [practice o{ writing projects: 

being passed on and somewhat amended in different areas to change 
it a little So vou Ve got a 20 page project that's due for professor 
X, and vou've got a friend that says 'hey, I had profes.sor X, 1 did this 
project, let me give it to you.' I think there's a lot of that going on 
Hither that, or modelling it after another. Which would save a Kn o( 
time (Hart). 

Sonia, a commuting .student who didn't belong to ain .student orgam/atioiis. 
told me that- 

Istudentsj that are in a fraternity or sororitx — il lhe\ ha\e to wnte ,i 
pa[>er thev have tons on file they can choose Ironi, .;nd lust kind ol 
re-wriie it a little bit I mean. I ve had sever.il tell mc llua's wh.it lhe\ 
do. . . And they make real good grades, but 1 don t ihmK the\ le.nn 
ainthing (Sonia ). 

Neither ikul nor Sonia was esjurialK upset b\ this praUice (.illlu'i. /h 
they .said thev didn't indulge themselves), and both seemed to think ih.il the 
professors were aware of it — Sonia suggested it was one le.ison s<» lew 
papers were assigned in business courses. In terms of m\ argument, this ui 
culalion of cour.sework reflected a spatial comjMe.ssion ol .u.idemu aui\u\ 
that allowed students to organize the cuniculum in a lepiesent.itional sp.nr 
tjint' — eg., laving <Hit syllabuses and course .issignmeiits on tabies and e\ 
.nuining various po.ssif/le configurations — just as ihey organized the material 
s[xice-liim* of the program through their course-taking decisions I'hese acli\ 
ilies, once again, did not mobilize distant business-world phenomena, oi create 
a i>hen«>menal worUl in a ivpiesenl.Uion.il sp.ice. oi e\en help students tti 
Ivcoine lacile with the diseij^linc's rejMesentation.il technologies Inste.id, the\ 
led lo the crifting ol cv)miiiodities that had onl\ k)cal exchange value (e\ 
change for a gride, exchange in the student social networks) How was tbi- 
sejxirition ol the management j^iogrnn from the business wodd .ic( (uiiplished' 



Separating Worlds 

We can examine how ihe jrielewiiuc" of the ttinnagetneiil courses wa.s eon- 
siriieled In' looking ai ihe lasi inanagenieni eoiirse siiKlenis look: Managerial 
Siralegx". Faeiillx" called ihis the program's integrative course' because it was 
supposed to force students to use what they'd learned in previoiis classes, 
especially accouniing. finance and marketing.'* in coursework *rele\ant* to real 
business practice. Of course. gi\ en the slud\' practices r\ e described it should 
be no surprise that students couldn't draw on their previoLis coursework and 
recounictl ex[KTiences similar to Melindas. As a straight -A student she was: 

ver\ surprised lo learn what 1 ha tint remembered. I go through all 
these classes but vou ask me what 1 learned in \x\\ Accounting. 
Financial AccoLiiuing. 1 don't know. 1 reallv don't know. I passed the 
lest and 1 torgoi. ... I guess business is just something \x)u have to 
work with even da\ to keep sharp on it. But I had to sit down the 
other da\' and realK' learn what I learned in Financial Accouniing. 
surface. 1 had lo learn beneath it. 



Managerial Straieg\' facull\- accommodated students b\ briefly re\"iewing 
tlk- needed sLibjc'Ct matter horn jMVxious courses (which was. in any case, 
minimal ). and mo\etl on to tlie two main components of the course: case* 
ai\ilysc"s (some done indixiduallv. sonu* done b\ teams of two or three siu- 
<ic'nis» and the business ciame' .i computer sinuiiaiion m whith the sHi 
dents, spin into teams, coinpc'tccl against eacli other running firms in an 
imaginaiA ct <>nom\ " 



I 111- busiiu'ss ( i.iMK' ' >i b game . as II \\ .is kn» >\\ n u * si\Kl<.'nis. was .i <. ( imjiLiici 
simul,iin)n <>l manufac uii ing liiuis (uams ol ihrc'e <>i foiii siudc'iiis) onnjx'i- 
ing Willi cMth other in the single maikci Siikk-nis ^ h< )sc' ilieii own umiiis. 
bill lau'K knew i >ilifr pe< >j^lf in ihc i l.iss and thus ( >|u-n w oiked w iih sinuigeis 
1 ai h icMiii began wiih ihf s.uiie .isst-is .ind hail lo make weekK decisions 
abouibow man\ items lo pi* hUkc. li(>w m.un mat hines !< » bn\ . w hu h leuions 
lo lAp.iiul into. lh»w iiuu li h) pa\ s.ik'stn'.-r.. In »\\ nuuh to l)oiiow. and so 
l<»ith 1 best.' dc'(.isn»ns weit- ''tufied into a comjniiei wheie a progiam deter- 
mined how m.inv iinn^ ilir ic.ims w»)uld sell, wliai tlu'ir jiujfiis would be. and 
so (oiih It'. mis Linked al ihe end of each week (on the b.isis of piofu 

and ien':,« on iiiM'siinenl > .iiul gi.ules wcic .iw .iidi-d « h i ihe b.isis oj ihe v'.ioiip s 
iin.it tanking \iiouliiig to one o} ihe designeis < •} the simulation 

I he b.isu g» ).il ( j| (he game is i* t irw .ud t aieUil t lealivc" planning and 

II de\« h«ps .1 skill in anal\/ing what is h.ijipc'iiing and then leactmg 
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lo iIk" ci)iupciiuoii and other faaor.s that iitv cillier t'avourahlo '.m- 
iintav<Hirahle to the pailiicrs and the firiu. 

In \\w wn\\> I w been using, iIk* goals of iIk* designers were veiy anihi- 
lious- lliev wanled lo produce versions of disciplinai\ social spaces — teaius 
in coinpelition for real rewards (grades) — and ihey wanted the groups to 
einplo\- discipiiiiaiy representations of space (plans, etc.). hi practice, how- 
e\-er. the students' strategy' and planning' were not directly asses.sed. The 
professors embraced an imagined, repie.sentational space ot the market' in 
which the gr( nips' inonetaiy" outcomes could be treated as veridical evidence 
foi the quality of their stategies. 

W e follow the principle that the quality of strategx and the quality of 
their implementation is rellected in two things- the total P.et profit 
earned and the wa\ the\ deal with the a.ssets under their control. They 
itave the opportunit\ to shrink them or expand them and so we grade 
them on two things the net profit earned and the return on total 
investments And v\e mcisure them aiul the\ aiL' then ianket.1 Ironi 
OIK.' tt> t<.'ri 

\s liie students interpreted this, u was the end result lailier than the logK and 
(.ieplh <'t then planning thai n>unte(.l 

i mean, that s the whole goal, that s all thc\ une .iboul ovei there, is 
we liavL' to make moin-v 1 ni m a Jass iiglu now wheu- per <.ent 
'.)! m\ gi\uk' (.k'p<.'ii<.ls on ln)W iiukIi ini)ne\ I mak*.' m this nnaginan 
(oinpaiu 1 hat s the w hole thing Tliev d( »n t < are how 1 do it. jUst s( > 
I inak<.' inonev Xiid ihat is ilu- <.inphasis m Uk- business s^li.u'l 
< Meliiula I 

11r' gair.e's emp' isis dii shoit leini piolu ma\imi/anon lathei than stia 
legK planning w. is w 1 K know n m student lou- W hen I iiiterv lew evi I )« o oth\ 
brloie shed l.tk<.n thr (niilse. she talked • 't li.iMilg 

Ilea id SI )nie In >i io> s'- :e • .ib- nit pt.'( >ple w ho ha\ e le.ilK .ippn 'at iR-d 
,; I am )n.ilK . tiving to be an « >ngi >iiig t » uu em. and m.ike big exprndi 
tines now that will pav oil m the Uilure and this t lass onl\ lasts 
thiee months aiul iheie s lealK no hituie and tlie\ end up o)nsisi 
enlK being the li)West i.mked gioup \nd li.ive gotten quite .i lot ol 
an\K'lv out (»l that ^* ^ 1 have .i leelmg 1 in going to keej^ that in the 
ba< k ol mv mitid make mone\. make nioiu'v . make mone\ Im the 
slit >it h.'iml 

In s.uiK wa\s this shml teiin onentation m.iv not have been unicason.ible 
llai\ev I p).s^M. loi e\.imple. poln^'^ out that the s[vuctiine o >iiipiession o| 
national and mtei n.itional e( onomics 
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nuikcs w cxircincly difficult \o engage in any long-lenn planning. . . . 
This nieany either being highl>' adaptable and fast -moving in response 
U) market shifts, or mastenninding the volatility. 'Hie first strategy points 
mainly towards short-temi rather than long-term planning, and culti- 
vating the an of shoil-teini gains wherever they are to be had. This 
has Ixfen a notorious feature of US management in recent times (pp. 
286-7). 



The problem with the game, though, was that in additk)n to the .short- 
term orientatU)n it had a lot of features that made it seem unrealisStic to stu- 
dents. Bart pointed out that the tactics and strategies allowed by the game 
were severely' limited: 



\ ()U don't have lead time, you can make contract purchases and single 
order pui chases, and, yeah, you save money by contiact purchases, but 
that's almost ()b\ ious. I think. So areas need a little bit mc^re intricacy, 
to be able to take more input from you. 



Jack, who had worked for manufacturing firms in summer jobs, pointed 
out that the game decontextualized the social nature of business practice: 



the ii-game is fairly random, mainly because you don't have a whole 
lot of information. It s actually kind of \ague. consideiing — like 
entering markets and stuH' like that, that you know nothing about, it s 
highly unlikely for a business, you wouldn't enter the market if you 
knew zero about it. zert) about the price and about your ct)mpeti- 
tion . . Mere in school it s all cl()ne on paper. >'ou don't see the items 
come in. you don't see the items going out, you don't understand the 
se\eril\ of a back order, because on the job you have a customer 
SCI earning down \'(>ur neck asking you where the product is, and in 
.school it's ju.st. Avell, you have a back order. That's cost you $11) this 
tjuailer.' Thai's it. So it's a big difference, becau.se [in the real world] 
vou're dealing \\ ith the public and you Ye dealing with the items them- 
.selves instead of ju.st watching the items How on paper. 



Of course, as the physics case denunvstrated, the fact that a pedagogical 
atti\ ity doesn't lesemble disciplinaiA' practice doesn't mean it can't serxe to 
enrol students in the disciplinary actoi-network. And as jack's comments sug- 
gest, the business game paralleled in interesting wa\ s the homework problems 
ol ihe i^hysic. progiam: ihe group work (here compulson' lathei" than student- 
initiated), the weekly cyrle, the completely textualized interaction with the 
subject matter. Indeed, the creation and use of the game probably retlectetl an 
attempt to make management and management education more \scieniilic' in 
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some sense. The problem w as thai students' trajectories through material spaces 
had already acc}uainted them with business practice: the\" were alK in a sense, 
in the position of the physics student Paul who'd worked in a lab and hence 
saw academic problems as completely orthogonal to real lite situations'. 

Instead of 'rational planning' — the legitimate way of temporalizing busi- 
ness activity from the perspective of the professors — students dealt with the 
game by making ad hoc, situation to situation decisions. Velma, for example, 
gave this accoimt of how she went about making decisions-. 

As far as analyzing ratios and that kind of thing, ! didn't do it, I kind 
of work with my gut instinct: 'let's tr\' this, I think itMl work' or 'it looks 
like the price is what's going to make the difference here, this quarter, 
ba.sed on last (juarter.' And then it turned out through experience 
;|iti the b-gamel that it was how much you paid your .salesmen that 
^was going to benefit. So it was just kind of a gut instinct. >X'e had a 
strategic plan, but we didn't really stick with it all the way. 

Sheena was even more blunt: 

W e had no idea what we were doing the entire lime. VC'e came in ith 
lout of 101 (laughs). Had no idea at all. Someone said walch inven- 
tories', so we said *okay', so we watched foi' it. ^X'e had no idea at 
all . . . we had fun doing it. It was kind of 'well, let's tr>' this'. And I 
think that the main thing that was kind of frustrating was that there 
was no way to get your salesmen to sell more, without — cause they 
would say Ithe computer would send a messagel, 'okay, we want an 
increased salaiy' — you d get a little notice 'salesman ^13 will quit if 
you don't raise his salary- by SlOO or $200' or whatever. So we'd raise 
it. VC'e ended up jvaN ing these dudes $2,000 a piece. And the\- had like 
80 per cent commissions, and they had expense accounts that wouldn't 
cjuit And we'd laise their commissions and they'd still want nioie 
salaiv. No'. So that ate our lunch as far as our fixed costs. I learned 
a lot that way, I said like 'can't we have little promotional deals, give 
little bonuses or awards nx something?' But the computer program 
.sa\s it's not |")ossible. 

Such experiences let! students to conclude that the game was meant to 
teach them how difficult and unpleasant it was to work with othei people (to 
a person, management students disliked working in groups), to teach them the 
randomness of the business world, to teach them that there would be situ- 
aii(Mis where they'd have to make decisions without the necessaiy informa- 
tion, and to teach them that their superiors (in this case the piofessors, who 
were pointedly unhelphil in explaining the game) would larely offer direction 
or lake responsibility for a decision (cf. jackall. 19HH). 
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i.asi' Ana/yscs 

In. acklilion lo the sinuilalioii. I ho Manai»ciial Slraic^\" course ret|uirod siu- 
dcnls lo tlo a iuuiiIkm' ot analyses ot" Inisincss 'cases". The case is a iialioiiall\-- 
clisiril)uiecl represeiilalional leehnolo^y thai had its oii^ins, aceoicling Onh 
( 1903). al liie Man iircl Business School, w here il s the basic pedagogical lech- 
nitjue einplo\ecl in all ot ihe ecliicalional piograiiis' (pp. According lo 

I he MaiA urd Business School C^alalog: 

\n I he business world, wheie e\er\' decision inusl be appropriale to 
I he specihc situation and no iwo situations are identical, it is ihe 
ability to analy/e, to judge trends, lo weigh cli\eise intluences, thai 
leads lo sound jucigineni; and that ability can be de\'elo]:)ecl only 
through practice. 

'Cheiefore. ironi the outset the sludenls al the Business School 
discuss cases, i.e.. real Inrsiness silualions in which executives lake 
action and are responsii)lc' lor the ivsulls. . . . 

The students slucK' the case indi\'icluall\ . 'f'hen they meet in small 
groups tor t'unher exploiation. sharing their \ariecl backgrounds ot 
experience and shaipeiiing iheir ideas in aiguiiRMH (c|uotecl in Oith, 
1903. p ^^). 

The case w.is the most pei"\asi\'e jx'ckigogical lormat in management 
education, and \ aiiants of it could be found in most nnmageinent textbooks: 
in the inlrocluctor\ texts cases' might be no moie than brief \ ignettes, but by 
Managerial Strategy — the final course in the curriculum — lhe\' were tull- 
hlown. lunning ^0-30 p^ig^^'"*. accounting for. the \'ast majority ot textbook 
pages, and sliucturmg the majoiiiy of students' cour.se activit\-. They followed 
a typical fornuila: the depiction ot a particular tirm (usually a real enterprise 
like Maiy Kay C^osmelics or Coors Biewing ). described in a ceHain vocabulary 
ot rin.UHe and numagenienl. as al a decision point' in the hi.ston- of its ojX'ra ■ 
lion. In anaK /ing the case .students were usualK expected lo assume the role 
of uianagers': weighing the intormalion provided and making a "decision' 
about the Inin's tuture. In iheoiA' what's in^]')oilant is not just which decision 
students make, but how ihe\' jusiity and explain their decisions 

(>)nsidet the ca.se as .i leclmology tor mobili/mg the world, (lorporale 
management' was not enacted in the maleiial spaces of the business school. 
Instead, it was mobilixed in the conlents of textbooks, lecture;., and so foilh 
that thnved thiough ihe space-lime of the piogiam along with the .students 
The particular substance ot the nu)bili/alions — the fiiins and decision issues 
that tile cases are about — are less important tlum their torm and function, 
whic h presumes a rational' de< ision maker w ith a( t ess lo all axailable infor 
malion selecting a well clcTinecl decision option in a clepolilici/ecl .setting, 
llanard exported this technology for con.slructing the sub.siance of business 
education (although there are now e\'en bigger .seconclan- di.siribulion ]')oints). 
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and siimiilancouslN dlial i^. In iIk' same action) osiahlislicd il a.s an ol^lii^aloiy 
pa.ssai»e point' in tlic tlic network of ropivscntational accLiiiuilalion (il you 
want to clcscrilx* business practice for luisincss education, you inuM use liic 
formal and convent ions of tlie lase) 

Wluil was iK'ing inohili/ed in tlie case iiiclliod? It was not llie professors^ 
ideals of 'rational decision-making* (cf. C)ilh. 1^)63). At the school I studied 
students viewed the cases as short-tcnn tasks to he done for a grade, with only 
tlie thinnest of connections to the ical woild" of business. Although the cases 
used in the strategic management course were descriptions of events in the 
lives of real corporations, they were temporally and spatialK" disk)dged from 
tile world of business. Students read them as incom|')lete accounts ot past 
histoiy: 

W ell. U) be honest with you I don t realK" know (what the point of the 
case analysis isl I think it might be a little bit more benehcial if we 
eould read the case, solve it ourselves, and see how it was actualb' 
solved, and whether that solution worked or not. But as far as just 
solving the case on our own-, we don't get an\- inj^ut as far as what 
actually hapjvned in the case. We ct)uld be slu)oting in the dark all 
the lime ( Jack). 

As Ban explained: Wefe using old cases, but they tell \ou not to look at 
what's happened since then " in spite t)f tiie authentic nature of the material 
(the cases often incorporated documents and data produced in corporate piac- 
tice). tlie cases moved the business activitv they described out of corporate 
space-lime — in which problematic situatit)ns have to be resolved and conse- 
ciuences follow from the decisions of managers — into the frame of academic 
work, where a multitude of decisions were allowable (if students et)uld make 
a good case f()r them) and the only consec|uences that followed were the 
grading and evaluation decisions of the piofessor. Rather than situating stu- 
dents in the social space-time of business the cases distanced students trom it. 
As a result, students treated each case as a distinct event. They didn't use what 
thev had applied in one case analysis to analyses of later cases — at least not 
the was the professors probably wanted them to: Curtis boasted of re-using 
the same graph and chart, unrevised, in different case analyses, having guessed 
that the grader was focusing on the cjuality of the graj^hic work rather than its 
substance or relevance to the case at hand: 

(.nrlis. Listen to this one. I used — 1 showed Delbert — the same. 

wiiere s mv old case — (shows Dorothy his Walt Disney 
(^jsej — Look at this (shows her an elaborate graphl Walt 
Djsnov — I got a good' on it. 1 eveti got a 'good' on it! 

/)u;vi//M': W hat'd you do the gi'aph oiV'' 

Curds- l.(M)k, Maiy Kay (shows her same gra|")h|. 
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Dclhcrl: Same i^rapli! [general laughtcrl. 
(jivtis. A photocopy. 

One way of tiiscussing these kiruls ot" accounts would be lo suggest that 
liie program achieved the irrelevance of" its courses by tninstbrming academic 
knowledge into a kind of commodity, spatially and teniporaily segregated 
from eveiyday practice, exchangable for grades (Kvaie. 19H3, p. hS). In such 
situations we could speak of academic knowledge being mystified, (trades 
and knowledge would ■a[:)pcar as independent beings endowed with life, and 
entering into relation . . . with one another" (Marx, 1%^, p. 72: see Nespor, 
199()c, for a different perspective on the grade economy in undergraduate 
education) Lave and Wenger (1991) evoke this line in suggesting that: 

where there is no cultuial identil\' encompassing the tivity in which 
newcomers pailicij^ate and no field of mature j" *ce for what is 
being learned excliange value leplaces the use value of increasing 
punicipalion. The commoditization of learning engenders a funda- 
mental contradiction l^etween the use and exchange values ot the 
outcome of learning, which manifests it.self in conflicts between learn- 
ing to know and learning to display knowledge for evaluation ([^. 
112). 

One of the problems with this analysis, however, is that "making deci- 
sions' for their short -lenii exc hange \alue may well reflect the practices of full 
participants' in the managerial community (i.e., the distinction between ex- 
change' and u.se' value may not hold for 'political labour' (Collins, 19"9) as 
oppo.sed to produciive labour). For example, Jackall (19S8) gives this cjuote 
fr()m an upper-middle level' manager as a representative statement on the 
nature of corporate decision-making: 

Tliere's a tremendous emphasis put on decision-making here and in 
business in general. Hut decision-making is not an individual piocess. 
W e have training programs to leach pc^ople how to manage, we have 
courses, and all the guys know the rhcHoric and they know they have 
lo repeal it. Hut all the.se things have no relationship to the way they 
actually manage or make decisions. The basic principles of decision- 
making in this organization and piobably any organization are: (1) 
avoid making any decisioti if at all possible, (2) if a decision has to be 
made, in\-ol\e as many pc'ople as you can .so that, if things go .south, 
you're able lo point in as many diiections as po.ssiblc' (p. ''M). 

Management .students tnay have approximated legitimate practice when 
the\ subverted the stated function ot the case method and opted for short-term 
reward and the u.se of raiionaliiy' as rhetoric rather than the cultivation of" 



I (hi 




Construct I Nif and Isolating Acadcniu Space in McDUii^onoit 



ralionalily" :t,s praaitv. Indeed, rationality as praaicc may cxisl only in aca- 
dciuic ivprcscntalions of space, fulfilling; a kind of aileuoric funaion in \\\c 
fuanai^cineni Miidenls' oclucaiions. 

The ('(isc (IS Alk'Mon' 

'A\W^or\cs\ a.s Sinadar Lavic ( 1990) puis il. aiv lexis idling an individual sloiy 
lo convey a lesson for I he whole group, a privale sloiy lhal alleinpls lo rep- 
resenl the colled ivily as a whole' (p. 29). The case' is allegorical in just this 
sense: not lhal llie panicular business situation descrihetl is supposed lo 
represent that of all fuins, but lhal the processes and circumstances of ralionar 
decision-making il formulates are defined as central elements of the practices 
of managers considered as a collectivity. But Lavie also goes on U) cjuote 
Cireenblai's ( 19SI) argument that: 

Allegoiy arises in periotls of loss, periotls in which a once powerful 
theological, political or familiar authority is threatened with efface- 
menl. Alleg(My arises, then, from the painful alxsence ol' that which it 
claini.s to recover, and. . . . as the paradox of an order built upon its 
own undoing cannot he restricted lo this one Lliscursi\e motle. in- 
deed. . . . the longing for an origin whose loss is the necessan' condi- 
tion of that longing is the character not only of all discour.se but ol 
human exi.stence itself ip. xviii. tjuoted iti Lavic. 1990. p. .'^O). 

'! he business case". 1 think, is be.st understootl as an allegoiy of a tech- 
nical or in.stru mental" rationality celebrated by expens and bemoaned by the 
academic left, but in ['>nictice a representation of space accomplished not by 
corporate othccrs managing companies but in the practices of academics aiul 
analvsts. If the program had been part of a trajectoiy leading students into 
academia (and if the .social .space of academic management .studies were con- 
tiguous \% ith the spaces of" corporate pnictice). the ca.ses. like the textual forms 
in physics, might have functioned as spaces on the page (mobilizations of 
distant practices). Hut management students were on a trajector}- out of aca- 
tlcmia. There was a dix iele between the acatlemic program and business spaces, 
anil case analyses were thus more like public performances of 'rational' decision- 
making that, in good allegorical fashion, established for students the ab.sence 
of that rati(Miality. The case was a space-in-the-page. an imagined or represen- 
tational space that could not be produced outside the social space ot the 
academic program. Students used ca.se texts as parts of ritualized performances 
insleaLl of working on them to iK'Come producers of a disciplinan' represen- 
iJtional space (as did their peers in the physics progiam). 

In the end. then. I don't think it d be appropriate to say that students 
described the management courses as irrelevant because o/' internal peda- 
gogical characteristics or a lack ot connection to real- world business j-nactices 

1 1.x 



Knoirlcdiic it I Motion 



(it this were liow things worked surcls' pliysics siuclcnis would ha\"e found 
their coiirsework far more irrelevant). Irrelevance was not an inherent feature 
of the eourses but the outcome of a struggle betw een the sc[km)1 and the work 
world: the consequence of the school's failure lo enrol students in an aca- 
demic network 

But, again, it won t work to just say that the program didn't eniol students 
in the academic discipline. There are always multiple actor- networks \'ying 
to enrol people and things, and the tact that students coming /(> the pro- 
gram along such diverse trajectories could leave it with such similar accounts 
of" their experieiices suggests that there had to he another, inore powerful 
actor-network working within the business school context, creating interesse- 
ments separating students from the academic ]')Oilion of the curriculum. Where 
I could tell a ston about the ]')h\sics program as enrolment into a powerful 
network, there are two stories to tell about management: the one jusi finished 
of the failed enrolment of students into an academic network, and the one to 
c(Mne, of their enrolment and b<xlil\' mobilization in business. 



1 I'lu- deparinK'iit tii.ur'^ (.oinineiits aNo reilcci .1 jxulicul.ir kuul of rlK-toric o)in- 
iiioii aiiioiig hiiMiK'sMiien .uul busin(.'s> (.-ducaiors <ukx- a\ Icasi iIk' laic .1 
\.iUi.iti(>n ol hroatl training ant.! a rcjcciit)n of spe<.iali/ati<Mi and vocatinnali.siu 
(C'.oalon and Howell, b)S9. Picrson cil , 

However, as (.iort^lon and How.cll (1^>)S9. p. 11") j'loinicd out long ago. iIktc 
is .1 t(.Tiain sthi/ophreiiif icnd.-jr^y in the (.orporalc altitude, a slated desire for 
liberal arts preparation, hut re(.ruiling praeliees iliai enij'ihasi/e specialized voca- 
tional preparation in business. In pail, as Jones ( l9S(i. p. 129) suggests, ihi> retlecls 
llie spe<.-iali/aiion ol the hiring tunelion and ils deeoupling from the decision- 
ni.ikmg domains (4' lop e\eeuii\es. 

J Ailiuncl fai uliy eoiiUl be tjuite enlit^al of the rest of ihe dej^ailnient. ihough few 
tensions .irose hee:iuse the adjuneis were essentially is<ilaie<.l and ignored by the 
regular tafulU" (cf. Nyre and Reillv. 19"9) One reliretl CV\) of a mitklle-si/ed 
legional e( )rporaiion. whose elective eouise on management trends was vers* poj")ular 
among students, eomplained that the students were the forgotten lustomers I 
think these bastards Ithe regular faeultyl eliase around and pla> politics with eaeh 
other Another atijunct faeulty meniher commented that mueh of the emj'ihasis in 
the dejxirtment seeme<.l to him inelewmt on the ba>is of his .->() years as a manager 
with a multinational corpor.ition 

S It should be emphasi/eil that tlies(.' ^leseriptions of held siructuration refer lo the 
loidt-fx^'ddiuitc />r(>i>fnni>i in physics and management, not to the helds theniscK es 
(tor the latter see. I'.g.. Whitley. IWn. 

4 Tlu' tight loupling between uni\"ersit\ .ukI high seliool eouisework found in ph\ s 
us was absent in business High sehool bu.siness courses were not conneeted to 
uiuk'igiailu.Ui' piogianis of siud\- Suuk-nts who tl t.iken high st hool business 
1 ouises .iiul e\jU'i te<.l i olk'ge business e< >uises {o be .1 a niiiiui.it ion < >f I hem w eie 
ijUK kl\ disillusione<.l 

^ "I here was. m tai t. a kind of easeatle of programs that students tlestendetl as they 
weie pushed out of ilemanding progiams. whHe busim'ss g(Jt man\- of those w ho 
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left engineering and ihe sciences, the liberal art.s got many of the siudenis who left 
business. Thirty-seven jx^r cent of all studenis gradiiaiing with sociologv' degrees 
over a one-ye.ir jxTiod were former business students who d tlunkeu out ot ihe 
program (from a transcript analvsis). 
t) A notable difference between the two fields was the le\el of 'occupational inher- 
itance . None of the physics students had parents w ho w ere plusicists. but several 
of the business students were consciously choosing to follow their parents into 
business — allhougli in even' case the students had initially tried majoring in a 
non -business field. The inheritance of business occupations is apparently relati\ el\- 
common Wens ( 19"^). using survevs of freshmen in the early l%Os. fount.! a 
strong "faiher-choice model guiding students" decisions to major in business: 14 
per cent of all males choosing business as a major were sons (>f business men ( 1 
per cent was the figure for physics) (there were no parallel calculations for women, 
apparentlv beuiu.se so few women chose either field at the time). Hunado ( 19H9) 
also found a strong inheritance' of bu.sincss as a career field (about 28 per cent 
among freshmen of both sexes). Three of the students i mtei-Mewed fell into this 
jxitiern. 

" Hearn and Ol/ak (I9SI) argue that men are more likely than woukmi to choose 
undergraduate pn)grams tightly coupled to specific occupations in fields ottering 
high status rewards ^uch prograips cmphasi/e training, discipline, and teciinical 
skills rather than the general intellectual. nn)ial or social growth of students ' Women. 
su|-)poscdlv. emj^hasi/e internal, insirinsic. immediate rewards o\er external, ex- 
trinsic, deferred rewards in choosing their ma)ois' (p. VD. Ilearn and ()!/.ak ( 1981 ) 
conclude that men tend to opt for unsupporti\e dejxirtments conferring higher 
rewards, while women tend to opt lor supporti\ e dejxinment: with lower rewards" 
(p 202) Kiscnhart s i 198S) studv of women s caiwr choice (.lecisions lends partial 
support to these conclusions, though she emj^liasi/es that women do consider 
exiiinsK rewards such as monetary- return in their career choices — they merely 
appear to give such factors less weight than men Although it s a less disupline- 
oiiemed and high status" field than physics, it s hard to see what internal, intrinsic, 
immediate rewards nianageinent could ot'fer to leinales or males. 

8 These arguments echo debate among analysts of undergraduate business education 

Among the man\- entering the business wt^rld. fewer coiik- prepared w ith 
the necessan- le\ t.'ls of communication skills, cognitive abilities, and human 
understandings that are retjuisite for success beyond the entn" !e\el "Ihe 
technical iHMit of business suidy can equip students with narrow pn)blem- 
sohing approaches destined foi an earh" obsoles(.enc e The underlying 
ration.de ot business study at many colleges is also tlawed it assumes 
that business is populated by ratioiul executives who operate in a sys- 
tematic results-oriented fashion.' Of course, those who ha\e spc-nt even 
a briet time in the business world know that this is rarely true (Mandt. 
1982. p *9) Numbei crunching' is the thing to do. and students 

attaik the imiltidimensional. consequential problems of enterprise with 
l.irgelv unuhmension.il. inconsequential mathematical models and simi- 
KuK liiiiited paradigms of human behaviour ibehnnan and I.evm. 198 i. 
p 111) I joncs. 198(v p l.^P 

*) Though 111) inoie ^o. i should point out. than corporate managers I'seem • PXS()) 
p. unis out thai o\ci 8U pet tent ot manageis degaullcss < .t i ollege maior) report 
that then managerial skilN weie learned on tlu )ob (p 8(i) I he skills that loipo 
rate c)lliters listed as most iinp(Mtaiil toi managers — most ot them dealing with 
tiniinuinicative and interactional skills were ikM .unong those enipliasi/ed in 
the piogiams atadeniK work 
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For th«.' internal labour market of the corporation, then, the .speeific" eon- 
tent of college learning typically plays little role in the manager s per- 
loriiiance or a<.i\anoenient (Useeni. 1986. p. 8"^). 

A collegiate speciali/ation in hu.siness does >eeiii to he related to olMaining an 
entn-lewl position (I'seeni, 1986. p. 8"^). but I'seein argues that this is less he- 
cause of any genuine connection between the courses and managerial comj)cten- 
cies. than because the business major and ["Jusiness course-taking are taken as 
t()ken> of business motiwition by recruiters: 

A-s jx^rceiwd by employers, liberal arts students attending an institution 
w ithout a bu.sines.s concentration had no choice but to major in the liberal 
arts, while liberal arts students at a college with a business major could 
fia\'e chosen it but opted not to do so. The latter are riskier hires than the 
tormer. compan\' recaiiters infer, since the latter appear to have rejected 
business values (liseem. 1986. p. 88). 

10 All but three of the interviewed students asailed themselves of these kinds of 
a(.Ivising networks (two of the three exceptions had outside jobs, and selected 
courses on the ba>is of what would fit into their .schedules, the third 'researched" 
courses by sitting in on the first class session, looking over the syllabus and the 
teacher, and then adding courses late). Kver\' management student 1 talked to .said 
the official ad\ising .sy.steiii was liard to u.se: it was centralized for the entire 
business school rather than departmental-specific, meaning students had to wail 
tor U)ng peri{>d> of time to see ad\'i.ser> who were mostly kej")t busy by seniors 
wanting them to check graduation requirements. Once students got to an acK iser 
they ft>und them unfriendl\- arid their advice unreliable. 

11 I'his was ncn alway.s a sure-fire method, as students had tt) pre-regi.ster foi their 
courses and the instructors li.sted in the catalog were often not the ones who 
actualK- taught the courses. Clara, for example, had heard that a particular .stati.stics 
instructor was good. Sc) 1 signed up for the cla.ss — but she's not teaching it 
anymore and I haw a c'.hinese pers{>n (laugh.s). So it doesn't always work." 

\1 W ith the growth ot' indejXMident note-taking .ser\ ues at many large universities 
(for-j->rofit companies that send note -takers to clas.ses and then market the notes to 
students) this circulation of notes acro.s.s student networks ma\- change. Only one 
ot the students I inter\*iewed. Claia. talked of ha\'ing relied on bought notes (she 
got a B in the course). 

I.-^ Integratiw", senior le\el courses in business j->olicy" were promoted in toundaiion 
reports of the late l9S()s (see Clordon and Howell. 19S9. j->j-> 20()-'' ). 

I 1 I "nlikc the plu .sics students, management students did not usualK' work in groups, 
and found in the group work recjuned tor Managerial Strategy- an endless source 
ot comj">Kiint. Sometimes they complained of the difficulty- of coordinating meet- 
ings outside class and getting the work done on time, but inoie often the j">roblem 
was getting j People to tlo their fair share of work: 

Theie wasn't .my structuied wa\- of {)rgafii/ing it. . . And it turned out. 
nie and the gu\- I knew weie the onl\' ones who did the work, the other 
luo icalh didn t caie they were graduating in August and just said, let 
them d') the woik. well take the credit for it" Ihere was cnougli 
woik toi tour people, and we were doing it with {)nl\' two It wasnt a 
good situation iThe protes.sorl .said, that wa.s oui responsibility to 
take care ot it — wliKh. you know, we tried, but it didnt really work 
( ioc) 
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An undcr!yin>^ reason group acti\ ily didn t work well was that students didnt 
move through the eourses together and thus often didn t know or had ne\'er 
worked before with the people with whom they ended up being grouped. 
Simulations similar in aim and design to the B-game began appearing in l'>usine.ss 
school curricula in the 1950s (probably inspired by simulation programs used in 
corporate training ) and became widely used after receiving strong endorsements 
from some of the national studies of undergraduate business training in the late 
(see Ciordon and Howell. IW, pp. 3^r-H). 
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Tlufsc who ni}i the hurcciutnitii cofporafion often rely ofi oiUiratil 
iiuifiife^tcitious to deterffune who is (he ri^^ht soil ofpefsoft '. Manag- 
ers tend to ea re fully ^nanl power (uul privilege for tl.ntse who fit in. 
for (hose they see as their hind' (Kanter 79^7 p. -hS). 

llodies. the)}, are not horn: they are made (Ilaraway. IWI. p. 2()H). 

l iilikc physics, ihc cascatle of ivpi-cseiilalion' in iIk* inaiiagcinem program 
diclii l iiu'oKc ihc rci^vsciilalioii ot iiianiiiialc i")lKMK)iiK'na in iiicicasiiigly ab- 
slracl' Uhal is. siahlc. mobile and comi^nablc) forms.* True, academic course 
work was texiuali/etr or reduced stable and mobile written torms (notes) 
that could be tomliined and consumed in the semester climax (the final) and 
then circiilatetl amont» other students. Howe\er. theie were no pathways con- 
necting that woik to iH'tworks oi' managerial j^actice (although both educa- 
tional and j'jroiessioiial settings shared an instrumentaL shoii-term oiientation). 
Phvsics students were expected to continue to graduate school: the discipli- 
naiy ideologv' was spatialK- compressing, biinging the [')hysical woiid under 
control by leducing it .md constituting it in mathemati/ed tenns. I'or manage- 
ment students, association with the academic discipline ended on graduation, 
by whicii tinie students had come to accej')t a sharp di\ision sejxirating aca- 
demic .md business worlds. 

There were, none the less, key pathways that connected the management 
program to coiporate space. To see them we ha\e to look at the organization 
ol material spaces and bodil\- practices: at the production of mimetic envnon- 
ments anc' the stiategic construction oi b(Klies |-oi- instead of compressing 
students" spatial aienas and j^utting them on a pathway leading to settitigs of 
disciplinary pi:utice, as in j')hysics, t'^e management jMogram routed students 
into a /one organized as an analog of corporate space. Instead ot physics' 
molxlization ol the work! through textualizing space, the rej^resentational 
organization oi sj-)ace-time in management conne( ted the program to the work 
world In" mobilizing social |')ractice in an enihodied form. 

Mimicry of Corporate Space 

Plush catpi't^. /Hit ted trees, hnniished (K(h icall panellinji^. fine reprodiu 
tions anil sotnetitnes oriiimals of threat art. niahoii(iny desks, polisheil 

im 
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i^ldss tables and oniaments, rich leather uphoistefy, perfectly caijfu red, 
att rat tire and poised receptionists, and prirate. subsidized cafeterias 
are only a feir of the pleasant features that j^race the cotporate i)ead- 
(fuarters (f any major cofporation ( fackall. l^)SS. p. JGf. 

Physics slijclciiis were routed into progressively siiuiller spaces aiul lighter 
temporal regimes that cut them off from alternative academic aaor-iieiworks 
(other programs of study). Management students, by eontra.st, re.sened .sub- 
sianiiai amounts of time for non-aeademie acti\it\-. and spent mo.st ot iheir 
time on campus in the business building, a material organization ot space that, 
in.stead of culling business .sUKlent.s off from other academic programs (several 
iiad double majors) reinforced the divide between academic* and non- 
aeademie' worlds and contributed to the de\aluation of the academic world. 

The business building reinforced the academic-non-academic di\ ide by 
producing a public space that mimicked the spatial fonn of the corporate 
workplace. The coursework ma\- have been ixpical lecture and test, but the 
material sellings of practice — and ultimateU" the social spaces they produced 
— were tied to those of the corporation both metaphorically (through 
simulations of corporate furnishings) and metonymically (though visible invo- 
cations of corporate links). 

'i he business .school building was a huge, labyrinthine structure housing 
a complex system of hallwa\s connecting cla.ssrooms, offices, .stud\' lounges, 
computer workrooms, dining halls and courtyards. All business clas.ses were 
conducted there (or in a newer business building connected to it by an above- 
ground walkway). I nlike the austere physics building, the business school 
wasni geared solely to academic or .scholarly activity. The wide landings, 
iobliies and hallways of the building, all lined with deep cushioned couches, 
were sites where students chatted between classes, read the newspaper, and 
wailed for each other. This public interior space was organized in large part 
to simulate corporate space and function as a stage for the displa\- of sociabib 
ilv. The large, open entrancewaxs to the building adveilised the corporate ties 
of the .school Their walls were co\ ered with large placjues bearing the names 
ot major donors who had funded chairs or i^rofe.ssorships, while smaller plates 
bore the logos and names of other corporate and individual spon.sors. The 
furnishings and artwork in the building (unlabelled original paintings in 
Minimalist or C.olorfield styles, Oldenburg-like .sculptures)- retlecled corporate 
tastes in interior decoration, and the large hallways .ser\ed as social spaces h)r 
displaxs ot business demeanour and dress. 

In management and business generally, .students and tacult\- occupied 
phvsii alK distinct and socialU distanced spaces 'i'he academic taculiy had a 
wing of the building to themselves for dej^artmenial and private ofhces and 
theie weie elaborate anaiigcments to restrict and regulate student movement 
through this area l-ach department occupied a separate tloor with a central, 
gla.ss-enclo.sed sec retarial suite ringed by faculty ofttces. A notice on the door- 
wax leading to the taciilty otTices inslructeil visitors and students to check in 



J 



/// 



with iIk* sc't a*I;ui(.*s ix-torc cnt(.M*iii>;. Most ottk c tloors lintl pku{uc's iticiilttying 
tlic ottiijxmt and main" had notices ofOnkv hours taped to iIrmii. Faculty and 
students were visible to one another hut their spaces were never intermingled. 
Faculty resided in closed, syinholically restricted areas into which students, it' 
they were permitted at all. went in and out/ 

A ^ood example ot this sejxiration was the organization of eatinj» in the 
building. The business school had its own cafeteria system (the only other 
school with a cafeteria was [*ine Ails, which was located on the peripheiA' of 
the campus). Once, before a remodelling of the complex, faculty and students 
had shared a single dining hall (as was the case in I-ine Arts). Now, the\ ate 
in two separate areas. I-or students there were shoil ser\'ing lines offering 
inexpensixe fast -food i)ieakf'asts and lunches that could be eaten at long rec- 
tangular tables in the large, well-lighted dining halL Next to the dining hall, 
separated from it by a wall t)t glass, was a three-stor\' commons topped by an 
opatjue-glass skylight. Boxed plants gave the area an informal feeling and 
there were benches for .>itting and eating an<.l space for student organizations 
to set up tables. Across this commons, enclosed b\' another wail of glass, was 
tlie faculty dining hall. Sitting in their dining hall or the commons students 
could look across and see facult\' an(.l their lunch guests silting at the small 
roinid clothed tables, the foot.! bareK' \'isible in a l)ufTet-style ser\'ing area. 
When privacy was desired, the f*acult\- dining room could be hidden from 
student \iew by drapes 

In addition to the separate spaces they controlled, facult\- and students 
shared spaces. The most imp<Mtant of tliese were the inteiA iew ing areas and 
the advising office, both spaces in whi(.h students enacted their subordinate 
statuses within the program. 

The business scliool had the most elaborate placement ofTiee on campus, 
taking up a floor of one wing of the building. In one set of offkes, counsellors 
helped .students write resumes, find out more about the corporations by 
w hom the\- were about to be inlen iewed, and prepare for their intei*views. 
Outside these offices there was a wall coxered with a bulletin board where 
sheets were j^osted listing the corporations that would be interviewing on 
campus the kinds of positions tlie\' were tiying to fill, and the dates of the 
iiiteniews. Students would cluster around these lists looking for jobs that 
inteu'sted them, and signing up to re(|uest inlen iews. 'Ilie placement office 
scheduled I he intenicAS, either on first -come f\rst-seire basis or, if the cor- 
jM)ration recjuested, soiling through the interested students and weeding out 
those whose grade point averages were l{)o low 

The inteniews lliemselves took place in a corridor lined with cliurcli 
ju*w-like benches built into the walls. Young men in dark suits (kepi but- 
toned) with consenalixe ties, and women dres.sed in dark skirted suits, white 
blouses, and s(otU scant's. wailvd lUM'Nously foi an intei\iewer to step out. 
shake their hand, and .isk them into the room. The looms themseKes were 
small and bare- a table, chairs, some small reproductions of photographs or an 
on the white walls 
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The admin isiiaii\e aiul adx ising otTux^s were als() subordinating spaces. 
To see one of the sev eral underi^raduale a(.l\ i.sers you had tir^i lo ciiler a glass- 
eixlosed lobby, wail in line at one ot" three w indows to make an appoinimenl. 
take a seal on one of the aiwaxs ennwlet.! beix he.s along ihe w alls ami w ail for 
your name lo he eallet.!, then be let through a door into ihe baek area where 
ihe adx isers had iheir ot'fiees.' 1 went through the proeess myself tning lo set 
uj^ an inieiview with a counsellor and fell a,s though 1 wa> at a (.k iilist's ofhee. 

In ihese subordinating spa(.es students wailed, hi ihe j')laeemeni aiea the\" 
wailed for inleiAiews, brief but intense eixounlers with corporate recruiters. 
In the advising area lhe\' wailed for re\iew and ex alaalion of their transerijMs. 
foi adv isers lo eerlif\' that they'd been taking the right courses and keeping 
their grade averages high enough lo pennil their c (nilinued enrolment in the 
l^nogram. 

in classrooms. b\- conlrasi. students lisiened, looked, wrote, and, on occa- 
sion, spoke. (Classrooms were not .so much subordinating sjiaces as a no-man's 
land in wliii h both students and facull\ we're liansitoi-\- inhabitants. The busi- 
ness school coniained several mammoth lecture halls .sealing hundreds of 
Muclents in terraced semi-cirelc's of thin tables and seats sloping clown lo the 
lecturer's podium, and a larger number of micklle-si/ed rooms (seating SO lo 

similarly designed with gently tiered arcs of bolted tables sloj^ng clown 
to a Imodium area In these midclle-si/ecl rooms the lecturers stood in front of 
a system of screens and chalkboards designed for different kinds of \ isual 
prc.'sentations There were televisions in almost eveiA room (though I never 
saw or iiearci of them being used), .\nother wing of the building hou.sed much 
.smaller, bnghtlydit classrooms ringing a w ide hallway. Most of ihe.se rooms 
weie turnishc'd with small. mo\able (though never moved) tables big enough 
to sii two or three in comfoilabie, wicker-backed .sieebtramed chairs with 
1 ushionecl seats. 

Finally, there w ere w inclowless rooms, antiseplically while, set aside lor 
computer use. hlled wilh nwvs of w hile IB.M personal compulcrs in wooden 
carrels These were usually used as adjunct classrooms where classes thai 
might normally nu-et in regular classrocMns would meet once a week lo per- 
toiin a tompuier analysis or participate in a simulation such a> the H-game 

The orgam/aiion of ga/e was more \ariable in the business c lassrooms 
than in }')hysics. The cuiAaluie of the seguing in the larger rooms pui ihe 
students in each olhei's lines ol vision — another example ot the displav 
oriental ion ot business school sj-jace There were also differences in the wa\ s 
lak uliy luiKtioned as local points in the classrooms. In physics one looked noi 
so much at the protessor as at wbai the professor was doing, the phvsies 1k' 
unlolded, bat k u> ibe siudcnis. on ihe chalkboarcl.s The' le.uher was an ad 
juncl to the material, an itisirumenl I(m- ihe conveyance of truths that belonged 
n<»t lo him. but that had an autonomous exisleiue. In a s^Mise what physu s 
j^olessors did wa-. recieale the space of physics iisell in the two-dimensional 
arena ot the chalkboauk while suuk'tits in turn recic*aled the j')rotessors' 
sjiaiiali/alions on the suilatc ol their note pajUMs 
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In business anci especially iiianagenienl dasscs. by contrast, .the piolcs- 
sors were usually the tbcal points of the classrooms. Their classroom practice 
cenlerd around talk rather than writing. Students learned to gauge from the 
tone, tempo, and emphasis of the lecture what was imponanf. what would 
appear on the test. The visual adjuncts that faculty used took the form of 
prepared displays, such a.s overhead projector transparencies, instead ot crea- 
tions unfolding in lime, like the physics professors' board work. The vi.sual 
display.s suppoited anil illustrated the professors' talk. Knowledge and exper- 
tise resided in the speaker, who was iinparlmg his understanding ratlier than 
convevitig 'absolute truths'. In Bourdieu's (19S6) terms knowledge in physics 
was objeclifieLl', in management emboLlied'. 

In their academic work students were correspondingly most concerned 
about w hat the j^articular professor would find acceptable, not what was 'right' 
or, a.s the physics students would say, what worked'. In this strip of conver- 
salion. taken from a group ca.se analysis, (lunis and Dorothy debate how much 
explanation the\ need to suppcMt their recommendations — the debate is 
about how tile profes.sor will read tlie case analysis. 

Curtis: lie's not gonna dig that (.ieep 

Iho'othy. 1 mean. 1 know, but I nK'an but it he u'ads down heie and 
he sa\s Aou (.lon't ha\e an\' basis for making this state- 
ment'. voLi know, you didn't supj')ort it.' Know what I'm 
saying? 

(jitiis 'It'll reduce co.si.s.' Mow about that? It'll decrease transpor- 
tation costs. . 
Dorothy "^'eah. but it'll incieasL' othei' costs. 

( loHs: but still, we luue a basis, that's our basis, that it's goniia 
decrease costs. That's oLir basis for making the statement. 
He doesn't know what el.se we thought of, you know, that 
It might increase something else. Ipausel And after reading 
ten jxipers. if he thinks, if he's gonna think about that — 
I mean Ipausel 

In the cumulative course of the curriculum, .Managerial Strateg\. .students 
themselvt's became, tor a .session or two at lea.st, the focal j^oints of the class- 
rooms (something that rc\cv happened in i")hysics classes). The\ weie ex- 
pected to display their own embodied know ledge in formal presentations' ot 
cases to the rest ot the class. As Sheena recalled, these jMcsentations were 
soLHX'cs ot gieal sires.s- 

W'e had to make a j^resent.mon in .Managerial Strategy We were the 
lust gioup 1 went up theie — and 1 used to do this all the time in high 
sth <ol, but once \ou're out oi practice you go up there and it's like 
Hill llil lelo(K)o' — all ol us were shaking Vxcvy one of us did this 
And we were talking, each grouj^ as they iinished llu'ir {presentation. 
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tliL'N 'cl go out in the hall. Oh, I iii nun-ous, I wonder how we did", and 
e\ eiyb()d\' walks out and pat.s.theni on the baek. you did fine, don't 
wony ahoul il.' And, ah, it's different. Because, really, we ha\'en'l had 
lo do this until . . . you take Managerial Strategy. All, in most of niy 
otlier classes you just sit there and the teacher talks to \()u, you w rile 
it tk)wn. and \'ou regurgitate to her hac k on jxiper. Or turn it around 
and twist il and see if you can understand the question (Sheena). 

hi the.se j'Jre.sentalions il w as nol only ;/'^^// sludenls said thai was iiiipoi- 
tant hul how the\* looked, ])re.sented themselves, and managed the (|uestions 
and coinnieiits frt)ni piofes.sors and other students. In one class I .spent time 
in. the j")rotessor cut students off in mid-sentence • — no matter how cogent or 
well argued their j'jreseiitation — if they went o\er the allotted time. 

In other cla.sse.s. dealing with questions from the class was an impoilant 
]xiil of the j'jresentatioii. In .some ca.ses, sludeiits collaborated with each other 
lo hold the lloor and pre\ent their piofe.s.sors from inlen'cning and confronting 
the presenters with demands for detail, \agiie queries ( I don't understand 
your senletice'j. or Hal coiitradiciions CNo! They're \ en- strong product-wise'). " 
A.s Sheena j)ut it: 

^*ou doii'l want iDr X| asking you questions! . . . He ll throw you one 
from left held lluu \ou re nol expecting. Al lea.sl with ihe students 
\c)u*\e got a general idea. They're on the same knowledge le\el a.s 
you are ^Sln^'na). 

In other classes, how cNcr. grading wa.s com]^eliti\ e and siudenis tried to show 
up the presenieis (and thus win altenlion ihemseKes) by asking diflicull 
tjuesiions oi' making critical commeiit.s. 

l inalK". in some classes ]^rofessois manipulated ihe ]')resenialion formats 
to f(K us them le.s.s on content and more on sliidenls' inlerpers()nal skills. Caiilis, 
for example, told me about an inlegrali\ e fhiance cla.ss he'd taken (\ ery sinular 
to Managerial Sinilegx ) where the piofessoi- would regularly disrujM planned 
presentation changing learns al the beginning of class, making team members 
switch with each olhei" the \xu\>> of the presentalion they'd prepared; forcing 
them lo work jx-ople into the presentation on sluul notice; or e\en to make 
presentations using someone elsc'>. notes 

\u all ol ihese kinds of jniblic j^eiformances students weie expect<.'d to 
sta\ Within the light dis^ouise parameleis of coq^jorale subordinaies: dnn'i 
challenge the professor, don't ask tjUCsiions that ad\ ertise youi- ignoiance. 
doit t ask (|uesii()ns to generate discussion. W'heii sludt'nis otvasionalK went 
be\ond these parameleis ihr results w^re ;i\\kw;n"d sileiues Dorinru*. one of 
the two oldei students I mieiAiewed who had full time jobs and li\ed oil 
campus, made good giades in her courses but diclii l mimic cor]')orate styles 
of dress or conwrsaiion .As a lesult. the other students treated her as an 
odditx 
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1 11 ask: 'doesn't il strike many of you how easUy we conforni to propa- 
ganda? Doesn't it scare any of you?' I asked that in class, and I got 
blank stares from about three-quarters of the class. Sometimes I feel 
that I don t really fil — I know I don't really fit in the business school 
( Dminne). 

Dorinne's outspokenness and sometimes unorthodox dress — I remem- 
ber l)eing in a large class on Ash Wednesday when she came into the class- 
room late with ashes on her forehead and most of the room turned around in 
their seats to stare at her — were unusual. Most students, knowing that they 
had yet to be judged on their suitability for employment, regulated their ap- 
pearance and performance styles tighth'. 

A Street* Inside: Students in Public Spaces 

lUxiics ihenisclrcs i>vtwr(itc spaces, which are jnodueed by a tut for 
their i>estures ( Lefehrre. IWL p. 2I(}). 

The atmosj')here of perft)rmance. of being on disj^lay in a public setting, per- 
vaded the business .school. In contrast to physics, which collapsed ihe world 
into its work .space through powerfully reduclive representational technolo- 
gies, management organized space and time by stretching itself out in a sort 
of imperialisiic way across material spaces to produce a very exten.sive .social 
space This was accom|)lished partly by the kind of inter-institutk>nal architee- 
iLiral i.somorphisnis described earlier in thi.s chapter, but it also re(iuired prac- 
jiti()Pj^.,s — mobile, .stable, combinable practitioners — who could be sent out 
t( ) practice' those spaces properly. When I say that performances were routinized 
I mean bodily practice, appearance and sociability, were being standardized 
anil mobilized in disciplinaiy forms. Student associations were a < ritical medium 
lor this process. 

\\^ the phvsics program .students interacted with a .stable block of fellow 
majors with whom they moved from class to class, studied with, and formed 
triend.ships. The management students 1 inteiA iewed didn't move through their 
clas.ses together or Vvork together, and their friendship netwo -ks con.si.stcd ot 
people irom hometown .schools who were attending the university, people 
lhe\ d met in university dormitories, and their boyfriends or girlfriends — not 
their c lassmates. W here academic and .social life merged for (the male) physics 
students, for management students business' activity was con.structed as sepa- 
rate not only from the academic' but al.so fiom the personal*, l-'inally. although 
enrolment in management resci!ibled that in physics in that it took place 
through A gioup medium, the naluie of the gioups .uul the enrolments were 
\ei\ different. 

The ri'cjuirement that management students take a lot of ((uir.ses outside 
their ma)oi produced student groups that were more loosely organized than 
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friendship networks. Students entering tlic business school found tlie social 
world of the college dominated by a wide range of organizations: from frater- 
nities and sororities (whose memberships were dominated by the business 
students), to the business school sers'ice organizations' that did community 
work and orchestrated meetings l>etween students and members of the busi- 
ness community, to the associations linked to particular majors (e.g.. the man- 
agement association, the marketing association), or particular areas of business 
(e.g.. the International Association of Students of Business. Commerce and 
Hconomics). I'nlike the work groups in physics, which were formed afresh by 
each class of students, the fraternities, sororities, and associations were stable 
entities that pre-existed the student cohorts ihat participated in them. Some 
were alkxated cramped and shared office space within the building (near the 
student cafeteria), and all had glass enclosed disphu' cases along one hallway 
to post notices, announcements, and .so forth). The groups weren't creations 
of the program, they were independent networks of association thai extended 
the business school space beyond the academic setting and connected it to the 
vvorkl of work. Almost all students joined or attended meetings of these groups 
at .some point in their academic careeis. 

Students believed that job recruiters placed a premium on membership 
and acti\ ity in these organizations, and that by participating in them they could 
nelvNork' and make connections that would help them in their careers. The 
groups were imponant for reci uilment — as forms of social certification — 
and also served as means of access to jobs and employers, as introductk)ns to 
job networks. As Dell explained: Definitely one of the main advantages of 
[belonging to groupsl is that it looks good lo a future employer, I think, being 
in\*olved, not just being a student' (cf. Dalton. 1959. p. l()-t). Other .students 
had similar anakses: 

I'm in the management as.sociation and the marketing association here. 
I've also been in lASHCiH. International Association of Students of 
Business, Commeice and Hconomics. But 1 was onlv in that lor a 
semester. 

Wcs/jor: \\ hy did you join those?] 

Well, 1 hate to say it, but a lot of it had to do with resumes. l^)wards 
the end you .stail thinking I've got to make that resume look better.' 
And v\hile that's not a good reason for slaning it. I've leally 

enjoyed my expeiiences v\iih these associations, and thought that 
ihey ve been veiy beneficial. Although I didn I get into them for mavbe 
the right reasons or whatever (Rhonda). 

Sometimes membership eoukl k'ad directly to a job: 

I found a lot of Iriends in the business .school jusl because I think 
you're so aware of networking (laughs). And you want to make these 
blends, and it s jusl something that you lIo consciouslv. ... I joined 
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[llic Mana^cincni Association! iKvausc I was getting worried about 
getting a job and I wanted to bavc more contacts. And it worked. [Tlie 
i^roup's sponsor, an adjunct faculty ineinber witli good connection.s in 
ihe l(;eal jol^ market) j^ot me a job (Melinda). 

As these conimeni.s suggest, students were enc(Xiraged to look at their 
eveiyday tViendship.s and activities in terms of their busines.s utility. One re- 
luming alumna espoused this orientation in a presentation to students in the 
Management Ass( )ciati( m : 

Learn how lo talk to other people. And I m talking about people in 
your clas.se.s. people that you meet on airplanes. One \nh offer that I 
had was on an airplane coming back from another inien iew I had 
liad. . W hen noli go to panics, make a point of meeting people that 
you don 't know. I know it s easy to feel comfortable with the group 
that you are witli. Hut try to extend beyond that group and iiieei new 
friends, because .you 11 be ama/ed how that circle will widen each 
lime. It s kind of like a pebble in a pond. It gets, concentric circles, get 
btgger and bigger and bigger. . . 

Be involved . . (inl club.s. whether they're formal or informal 
groups, professional organi/ation.s ... civic groups as well, .even 
volunteer kinda groups. I m involved in a I 'nited Action for the Hlderly, 
and the Meals on W heel.s Program, and I've met contacts through 
that. . . . The other area ... is church. If you have an op|:)oi1unily to 
regularly attend a church, you meet all kinds of folks through that 
(Hrenda, a corporate officer and alumna speaking to the Management 
Siutlenl A.s.sociation ). 

Many ot Die organizations' acti\ities centered explicitly on making con- 
nections and learning job-getting skills. 

I loined thesi.' clubs to learn things, not like for social rea.sons Like 

lin a service organi/ationL yoii learn things that will help you in your 
business career We have U)p business people come talk from all over. 
We lly iliem in and they sjx'ak to us and give irs pointers. We have 
like executive cocktail parties. Wc don t drink at it but we have like 
iSO executives Irom all over ily in. We've had resume workshops 
( Clara V 

*rhe (hmgs being mobilized here- were bodies- textually in resumes eerti- 
Kmg one's souabiliiv (not to mention the business (\uds that allowed one to 
atuimulaie awiuaintaiu es), and physically in the exe( utives ami .speakers 
biought in to interael with .students Students were aNo eiuouraged lo make 
themselves plnsually mobile- 
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Kolocalc if iicccssan'. 11' you haw an opporluiiity tor a ^ood job hut 
il moans you haw lo Icaw friends, family, scvurily. do ii. I promise 
you, you will never he sony. And I can say lhal from personal 
experience. , . . Wm develop yourself h\- doinj^ lhal. Vou find oul whal 
your fibre is, and wlial you're made of. And. a^ain. ii's an opponuniiy 
lo liave conlacis liial you'll keep for ihe resi o\' your life (Corporaie 
speaker lo Manageineni Assoeiaiion seminar). 

The cullivaiion ol ex|xin.sive nelworks of acquainlanee (Ciranoveller, 19^3^ 
allowed studenls lo exlend ihemseKes across space, lo regionalize ihemseK es 
ralher ihan localize iheniselves in lighliy connecied networks.^ The message of 
promolinj^ or marketing oneself across large regions of .space was broadcasl 
lo siudents al mixers, placemenl office programs, career week' seminars aiid 
similar e\ enls ihal lauglu ihem how lo dress and acl in business environmenis, 
and Ia" corj")orali()ns ihemseUes ihrough campus speakers and workshops. 
The following pronouncemenls were fairly lypical of such evenls-. 

Too many people looking foi ihe same jobs . . . Compelilion for all of 
us. . . . Wed like lo sii^iiiiesl to you thdt . . . career plaiDiniji^ skifis, hoir 
to nuirkvt yourself, hoir to sell yourself lu d cofu/)etiiiiv efWiroiUiunit. 
IS (IS ini/Htrtaut as those skills thiU you re derelopiui^ i)i your (liscipliue 
(From a seminar pre.senlation lo business .studenls, sponsored by a 
ma)ui t()rjK)rali()n and business magazine, emphasis adtled). 

These skills' ol self-inarkeling were foi'ms of corporaie sociability lhal the 
business school en\ ironment promoted in an unstated Init powerful way though 
liie organization of everyday activity as a /)///?//f s|xnacle. Management siu- 
tlents (and other business students) didn't huddle in corridors lale at night lo 
study like the ph\sics students, histead almost all business students spcm a 
onsiderable amount oi' their day socializing and relaxing in the corporate-like 
ambience of the business building. As far as 1 could lell, this public side lo 
their academic careers distinguished them from students in non-husine.ss pio 
grams, where programmatic acti\ ity — cla.s.ses, labs, or study gi'oups — took 
place in closed or controlled sj^aces. 

The public space ol the business school, as I'\e alread\" suggested, was 
a stage for the display of one s embodiet.1 coiporale competence. Dan Rose 
( 1^)S"'), an ethnographer of urban .street life, giws an account ot the public 
■.street' in urban African-American culture that resonates with my own obser- 
\ alions in the business school, with the students' comm'.Miis on sociability, and 
witii Ia< kail's descriptions of managerial practice- 

The sir<.'ei was unck'i t oust. mi surVeillaiKC, seanned, spied upon It 
was fully (illed in; everything was noliced. ihc least gesture attended 
to. Il was a \ iscous gelatin of awareness. W alking dow n the block was 
exlix'mely inlen.se. The facades wew alive ihrough their aperiures, and 
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all who walked on ihc slivct fell they wore in ihc ihcaliv of iota! 
porfonnaiuv. People eui through the x'i.seosity as they walked, or 
inhabited it as the\ left indelible, eoiniiuinal traees; they inscribed an 
aesthetie nuanee with their gestures, their speech, their lives (Rose, 
p 

W'e could think of this as a kind of panoplieonism (Houeault, 19"9; Spain. 
1992). 1)111 only by imagining a panopticon composed enliiely of mirrors. As 
if on a .street. .Mudenls were on display throughout the business building, to 
look at and be seen by other students pa.ssing through the halls. This was true 
e\'en in the bathro')ins (at least the mens), which diftered trom those else- 
wheie on campus both in size (they were \'er\' large) and in the fact that each 
had one wall. atr{)>s from the wash basins, covered w ith a fiill-si/ed mirror in 
front of which the young men pieened and prepared them.selves for re-entry 
into the public area. .Students watched each other (and the faculty — one 
}")rol'ess()i- in jiailicuhtr was lidiculed for his thin wardrobe of acrx lic sweaters), 
and faculty judged students, in a veiy general wa\- (most management faculty 
never learned the name.s of indi\'idual students), on dress and demeanour. 

Late in the semester, tor example, waiting tor class to begin in a Manage- 
rial Strategy course I d been sitting in for the wh.ole term, a day on which 
students would present research projects, the professor stopped to comment 
on the difteien! wa\'s students dressed and presented themselves: some elab- 
orateK done up. others extremely casual, wearing shoUs. 1'-shii1.s. sandals (I 
never saw an\{)ne in the B-school dre.s.sed that casualK'. but the I list s|')eaker 
in ^lass that day di(.l begin his presentation wearing a gimme-cap. The prote.s- 
sor insi.sied he take it otf ). The protessor arguetl that those who showed more 
con.si(.lerali(^n lor their demeanour were more likely to be considerate and 
diligent on ihe job: appearance was a token of competence. 

Dress and tlepoUmeut were spatialixing dex ices that allowtxl one to pro- 
^.luce or accomplish business space, and to signify belonging to the business 
space, being a legitimate player in it (cf. jackall. 19SS, [i. D. .\Ielinda. w ho'd 
begun college as a liberal arts maj{)r. explained: 

The business school is more formal. Vou ll fiinl a totalK' different dress 
tode in the business .school Vou walk into a business class and e\er\- 
body s all dres.sed leal nice, and y{)u can point out the people that 
ha\e inten iews today. I used to ha\e business d asses on like Mondays. 
Wednesdays, and l-ridays. and Liberal Arts clas.ses on Tuesdays and 
Thuis<.la\ s. And I would dress differently on tlv)se days. Ah. so there's 
a tomplelely difterent feel. And for a person tc) realize that they don t 
fit into the business scliooK that would be imp{)rlant tc) learn that earU' 
iH'l(Me \ou get all taught up in lhal major ( .Melmda » 

Difteiences in the standards of dress for men and women reflected the 
•gendeiedness' of managerial occupations, their association with ina.sculinity 
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and the concoiniianl devaluation of iradilic^nally feminine' styles of appear- 
ance. According to (^ne corporate consultant-. By way of nature and their 
conventional dress standards, women generally have a harder time looking 
j')r()fessionar (Cox, 19H6. p. 74). Physidl attractiveness' (as dehned by men) 
is a handicap for female aspirants to managerial positions (Heilman and 
Saruwali, 1979), and women in masculine' apparel seetn to he more fav(xir- 
ably rated In' recruiters than women in feminine apparel (Forsythe, Drake 
and Cox, 198S). Students may not have been conscious of the research under- 
lying dress [')rescriptions, but they were usually aware of what was prescribed. 
If they weren't, they were told. One Placement Centre official recounted that 
a couple of semesters ago ifseenied like nobody even knew how to dress. So 
we did How to Dress' workshops, you know, and brought in retailers and 
different things to give them examples of what they needed to wear.' One way 
or another, stutlents were highly conscious of botlily expectations: 

It's something you look for even in your classes ^'ou can tell who's 
inleiviewing that pailicular day because they have a maroon tie on. 
and a dark grey suit. Girls, females, are expected to wear blue suits. . . . 
Students are \'eiy aware of what the appropi iate diess is. . . . When 
vou go to a party and eve none else is stantling there and \'ou look 
tlifferent, it's prett\' obv ious what \'ou need. There are seminars held 
in the business school on what appropriate dress is, what you're ex- 
pecled to wear oi' not. . . . ^'ou really do need to fit in. . . . CiertainK . 
when you go lo the cocktail parties, when you go to the recruiting 
functions, theiv'.s a certain wa\' ynu ha\ e to act, and certain colours of 
.suits, certain colours of ties, certain .shoes nou can wear. It's a ven" 
re.slricti\'e en\'ironment in a lot ot ways (Doug). 

Doug's analysis is echoetl by jackall's comments on manageiial practice 
in the corporate woritl 

In a worUl where appearances — in the broadest .sense — mean 
eveiything, the wi.se and ambitious manager learns to cultivate a.ssidu- 
ously the proper, presciibed modes of ap[)earing. He dispassionately 
I, ikes .stock of him.self. treating him.self as an object, as a commodity. 
He analyzes his strengths and weaknesses antl decides what he neet^ls 
lo change in oixler to sunive and Hourish in his organization. Mk\ 
then he .sy.siematically undertakes a program to reconstruct his image, 
his publicly avowetl attitutles or ideas, or whatever el.se in his .self- 
presentation that might need adju.sUiient ( jackall. 1988, p. S9). 

This ton.scious aiul siralegi( ct)nslruction ol bodies and bodiU" practices 
is not (juile consi.slenl with the position .uliculatetl. foi example, by Hordo 
( 1989), who, lollowing I'oucault ( 19^9) .suggests that 
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Not diiclly ilirougli ideology', bin ilirougli the organizaiion and icgu- 
laiion of liie time, space, and niovenienis of our daily lives, our bodies 
are trained, shaped, and impressed with ihe stamp of prevailing his- 
torical forms of seltliood, desire, iiia.sculinity, femininiiy (p. 1-4). 

Tliis notion of docile bodies' may Ik* misleading. By embracing it we limit 
our al^ility to ccMueive of and study the strategic self-constructions of powerful 
bodies (bcxlies of power?) ihai occupied the energies of both students and 
practitioners of managenicnl. Foucaull and those who follow him on this point 
address only one side of Soja's (1989) socio-spatial dialectic': they ignore 
people s crealive appropriations and reconstructive activities within material 
organizations of space-time, in particular the conscious manipulation of bodily 
organization. 

Bourdieu's work is pro))lematic for similar reas(Mis. Farts fit well w ith my 
arguments: for example, the suggestion in Bourdieu and Boltanski ( 19"^^) that 
the modern cor[')oration. 

recjuire.s agents capable of conducting external public relations (witii 
other bu.s in esses, tiie state administration, etc. ) necessaiy to the opera - 
lion of the large integrated firm and to the maintenatice of its control 
over the market, and also the internal public relations by which, in 
nonnal times, the internal order of the business is maintained. . . . Their 
oul.slanding qualities become an aptitude for di.scussion and negotia- 
tion, a knowledge of foieign languages and. pediaps especially, civil - 
i.sed and subtle manners . . . the new style of sociability objectively 
recjuired b\' the changes in the economic field ... all as[')ects ot exist- 
ence of the new managers, from their consumer habits to their day- 
lo-day ethics or even their physical ai^ixMiance. a sign of a new relation 
lo ihe body (pp. iOi-'Sl 

But Bourdieu insists that the principles' embodied in dress, bearing, 
physical and \ erbal manners, are: 

be\ond ilie grasp of consc iousness, and hence caiinoi be touched by 
voluniaiy. deliberate uansl'ormaiion. cannot c\en be made explicit; 
nothing seems more ineffable, mote incommunicable, more inimit- 
able, and therefore, more i')recious, than the values given body. 
bodv by the iransub.stantiation achievetl by the hidden persuasion ol 
an implicit pedagogy, capable of in.stilling a whole cosmology, an 
ethic, a meiaphysic. a political philosophy, through injunctions as 
msigniheanl as 'stand up Miaight* or *don t hold v(Hir knife in vour lelt 
hand ( Ur~^. p ^) i ) 

The insisteiuv that notions such as embodied cultuial capital and hai^ilus' 
(Bonulit'u. pr". P)<S0) can only lelei to unconscious dispositions outside the 
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^.oiitrol aiul nianipiilaiion of llic .klor limits ihcir value (Mocniian. I^)S9; do 
Ccncau. I9S4). As Jackal! (1VS8) argues: 

the nolion ()l\ Liliuial capital is a con^^opl thai may obscmv inoiv than 
il reveals aboai inaiiai^crs" aclual social woiicl while adding lilllc lo 
Olio s roal iindorslanding of wlial inakos llial world work. . . . Manngors, 
ai loast Aniorioaii iiianagors." lond lo think aboul llio manor diftor- 
oiuly. Tlioy locognizo. of ooiiiso. iho c iiioial impoitanco of social brood- 
ing, particularly exposure lo the propoi" social manners thai llie right 
schools afford. But one ean uy to aocjiiiio the right sl\le' by alteiing 
ones [)ersonalit\- through sell -rationalization. In any event, one does 
not accumulate style (p. 

In other words, a regime ot bodily practice or sociabilitw a style, onibcKliod but 
not conlainetl in the , body (rather, distributed across the network of diess, 
pet)}^le and maieiial spaoes in whioh people inteiact) can be conscioiisK' and 
slrategicalK' assumed b\- management students within the material spaces of 
the business school. 

Clothing, gestiiies, and the like, weren't simply inarkeis' (C)offman, 10^1 ) 
ot a ^.orporate sociability, they were integral to its protliiction. Again, there is 
an analogy to the life on the urban street tlescrilxxl by Rose 

Clothing was worn like a m::sk — a mask not of coiux'alment Inn of 
revelation. It w as a, statement or itKlicator. not just of .self in some 
abstract way, biU of where one wanted to appear as a performer in the 
j^iiblic staging. . . Clothing makes the man; the logic, accortling to 
Tom. was that if one presented a iincK' turned out \'ersion of oneself 
aiui was mat^ie social by it. one became, hchnni //v//(as a result of), 
ambitious. In other woixls, one woiikl lia\e p<.rfoiniance possibilities 
to live Lip to (p. P P 

Compare lackalls words 

uianagiMs also sLispe<.l that <.iolhes aiul grooming might iinkwl make 
the man. . Proper management ol one s external ,ip]H'aranccs .sini- 
pl\ signals to one's p<.^'rs aiul lo one's siipeiiois that one is picj'Jaretl 
to Lindeilake otlK-r kinds < )f self-adaptati< )n ( lackall, b)SS. p. C) 

Part ol what ^.listingiiislK's the street inside from the .street ouisitle is thai 
coipoiatt.' sj'jaces are c(>nnecte<.l across tiiiK' aiul space in a nuich more stable 
network than urban streets TIk' peopk' Rose ( 19S") sttKlit^xl built spatial struc- 
tures ih.it ha<.l t( > be rct < >nstiiK t('d daily and thus w ere 1( u ali/ed to the c< )mmun 
il\ ol imiiKxliate co participants. The eiul ol pertoriiiaiu e w.is the creation ol 
.1 distiiu tiN'e jX'rsona.r identitx by contrast. iIk' corporate j'jraclKe manag<.'meiU 
stu(.lents weie m<^\ing tow aids inxoUed explicitK formali/ed and iituali/t.*d 
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body styles and modes t)f inicraction thai made the bodies of practitioners 
miKh more stable and mobile across corporately orj^ani/.ed spaces — and thus 
more easily connected or 'combined" with those of others (ct. Collins', 19'^9, 
discussion of 'formal culture*).*"' The business school environment uas a prac- 
tice space for corporate appeaiance and behaviour and thus a site for students 
lo begin mobilizing and stabilizing their Ix^dies and bodily practices. 

If .students were occasionally loose in how they dressed for class they 
were almost ne\'ei' so when encountering corporate repiesentatives. We've 
already seen that this happened occasionally in meetings of student associ- 
ations, mixers, and so forth. One place where .such meetings invariably hap- 
pened for business students was in the job inten iew. 

The Interview as a Display Space 

Lisieii ifilcnlly. W'hcfi ready to cmsuvr a question, it is sonietiincs 
cffcctiiv to take a moment or two to ponder an cifisuvr. It irill make 
yon look th(uii>htfiil and make your ansuv^y appear more meanln^fnl 
and less as if they hare been prepared in adratiee. which, of course, 
they han: been (Stewart and Faii.w 79^9. /;. 

The recruiting inteiview wa.s a kind of trial-by-interaction. It was more impor- 
tant to geuing hired, students argued, than grades. Clara reflected the common 
wistlom of students that irecruitersi woukl first U)ok at the inteiview . . . and 
then look at your Cirade Point Average (CiPA) and acti\ ities and stuff like thai. 
Hut I think that the interv iew is the most important thing.* Of course, many 
firms u.^ed CPAs to limit the size of the applicant pool and select the students 
ihev would inleiview. but Cilaia'.s insistence on the inter\iew s importance was 
Irecjucntly repeated, and not ju.st by .students. A sjuMker at the corporate spon- 
sored seminar on career skills', diew an anak)gy between dress and deportment 
in an inteiview and the presentation of a pn)duct in a television commercial: 

I m going to draw the parallel between the inteiview and a commer- 
cial. . . . \X'e have to express ouiselws, express our interests, express 
our accomplishments — basically, express whal weYe all about in a 
periotl ol eight minutes. . . \ very limited amount of time. Just as a 
comnicrt ial lk'lie\e it oi- not. tliL' lirst ten st'cotuls of the inteiview is 
when you make \'oui most lasting impression. . . What can you do to 
best sell yourself within ten second.s? . . ai')pearance. ^'ou can look 
the \\u\. W hich lIocsii*! necessarily mean your grays and your blues. 

.smile is key. as well as. as well as eye contact . . it makes you 
\ei\ uiu omiortable, somebody who tan t establish that (.-yt.' coniact 
imuR^lialely . because it helps t(» tlevelop that positive hr.st rapport 
with the inteiviewer . . Right level of assert ivene.ss, which inclutles . . 
the handshake with the inteiviewer." 

12 I 
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Skills of self -presentation were eritieal in setting the tone ot the inten iew- 
ing and training the reeruiter s interpretation of w hat transpired in the remain- 
der of the inier\ ie\v (Motowidlo. 1986). Like the speaker just quoted, recruiters 
brought in to speak to the Management Student Association claimed that de- 
cisions were frequently made within the first minute of an interview: first 
impressions are the most important', one put it, the handshake might he the 
most important thing you do' (cf. Buckley and Kder, 1988; Springhett, 1958). 

There was a fairly elaborate system in place to prepare students for these 
encounters. The placenient office stocked how-to' guides on job hunting and 
a lil)raiy of inforniation on corporations. Counsellors provided students with 
tests and self-administered questionnaires that assessed their wants, interests 
and goals and thus helped them present themsei\ es more effectively to recruit- 
ers. Students were reniinded that they didn't really know what tiiey wanted to 
do in life; that their goals', like their outward appearance, had to be con- 
sciously molded. As one speaker to the Management Student Association, a 
recruiter for a large high-tech firm, remarked to the assembled students: 

Here's the most difficult task for . you to accomplish: have a 
goal . . make a stab at coming up with a goal, and inite it (hum. Vou 
hear that all the time. And I thought, write it down, 1 mean, what's the 
l')ig deal?' ^X'hen you write it down you make a commitment to your- 
self, on that sheet of paper, that this is what this is gonna be all about, 
and you tend to follow through with it a lot better. And you tend to 
not get so confused along the way (l^renda, a corporate officer and 
:ilumna speaking to the Management Student Association). 

In addition to coaching students in the technologies of constructing 
appropriate goals and interests, the preparation system also prov ided students 
with more mundane resources. The placement office, for example, had guide- 
lines, examples, and templates for writing resumes (including a list of over 200 
action words' — verbs to be used in describi-ng one's experiences in the 
resume), cover letters, letters rec|uesting an interview, thank you letters, letters 
acknowledging or accepting a job offer, letters refusing an offer, lists of ques- 
tions most likely to be asked in interviews. '(|uestions you can ask in an 
interview', and lips on inten iewing' (li.siing il sins that can kill your chance 
lor success' in an inten iew. iO of the \ \ dealt with appearance or interactional 
style i-)roblems). Almost all of the management stutlents had u.sed these re- 
sources by their senior year, and some applied them in detail. Curtis, tor 
example, ex[")lained: 

I have those . . "SO questions inten ievs ers like to ask' la handout 
oblaine<.l from the [)la(.enjent <.enler| — I go with those And I think 
how I'm going to answer those, most of them, not (juite all ot them ... I 
go over these (luesiions and that's basically it. It covers pivuy much 
the whole shcboom. An^^l then also, I iiy to write down a few questions 
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I want to ask llicni. And tliat s the main thing. . . . Some of" those 
(jiicstions are pretty deep, pretty hard to answer. Like the first two: 
'What are ynuv objectives for tlie next five years?' Long range objec- 
tives . . This [the handotiti covers prett\' nuich an\'thing the\' would 
ask. although I have lieard of the, all. interview hints', like in the 
placement manual [He shows ine the manual!. They have some hints 
in there, like 'Look them in the eye and lean forward", you know, that 
soil of thing Hut I've kind of learned that after a little experience it 
makes it pretty easy. 

In fact, though, depending entirely on books or guide sheets to help one 
consciously mold one's body and bodily practices was problematic. Cuilis, of 
w hom I saw a good deal in the spring semester when he was inteiviewing, 
could LWplain how one successfully interviewed, but he didn't do it (and was 
seemingly unaware of the fact). He wore off-the-rack suits that didn't hang 
right and his personal mannerisms, at least in his aeadeniic classes (I ne\'er 
.saw him inteiview ) were immodest, or to use the phrasing of the placement 
center's sin list: *o\erbearing-t)veraggressive-C()nceited-'superiority complex- 
know-it-air (Sin ^ 1). As a student who worked with him in the managerial 
.siraleg\ class remarked to me once, he was a show-off, and members don 'I 
usually sit aroimd lecounting personal tiiumplis.' Tliiougiiout the spring, lie 
w as stiK'k with a string of inteiviews for jobs he didn't want (e.g., in sales) w itli 
relali\ely undesirable iiriiis. 

A number of .students told me that, as C'urtis's case suggests, the resources 
in the plaeement centei- w ere worth using, but had i ^sential limitations: 

Well, really, I've found it difficult to prepare for an inteiview, because 
if vou don t know — like you said, looking at the tjuestions lhe\ gi\'e 
you from the placement center, nine times out often those tjuestions 
aren't asked anyway, so really, ju.st try ing to stancl on my feet the best 
I can. I tiy to think as cjuickly as possible ( Jack). 

Like lack, Khonda argued that books were no substitute for the experience of 
interview iiig- 

There's so nuich written on the subject jof intei^'icwingl — but basic - 
alK il \ou read a cou[')le of articles oi' books or whatever, it starts 
repeating the .same things. And I think, as far as answering Ljuestions 
and things like that, ah, practice. That s the only way to feel comfort- 
able in situations 

Practicing" interviews was a wa\' for students to gain experience in the 
Lontiol of drmeanor and proper interactional technique. They did this by 
setting up appointments w itli recruiters from companies that lhe\ weren't reall\- 
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interested in working for. Aitlioiigh students luid to know sonietliing about the 
firm I hey inter\iewed with to ask appropriate tjuestions, tlie iiuestions they 
would l>e asked In' reer niters weie so stantlarLli/ed tliat inten'iewing witli one 
firm could he a useful preparation for an inter\ iew witii another finii. e\en if 
the two companies were in different industries. .Mtiiough placement officers 
frowned on this [■)raclice of pracliLing". students were encouraged lo lIo it h\ 
both ad vi.se IS anel peers: 

I'm one of tho.se teriible people thai will tell xou to imer\ iew for 
iiUen iew s sake. The IMacemenl peo[")le hale me CLUise, he\-,\ I'm the 
{)ne that \\c\y)s jam u[*) those lists (laughsl and the lines stan Ibriymg 
all the wa\ down, and even lime something comes up \\ hii^ the\' 
S(m ihrougli all the resume.s. l^oy. mine was in theie, ii was in the box 
(Brenda, a corpt)rale officer and alumna s[*)caking to ihe .Managemeni 
M udent Ass( )eiat ion ). 

The practice inleniews gave sludenls opportunities to develop self- 
contident liulI smooth inleracli{)nal styles. One had to be able lo [')reseni a sell 
I hat refused to Lidmit any weaknesses oi- unceilainlies but simultaneously re- 
fiainetl from boasting of siivngths As l^renda explaincLi, inteiAicwees gel in 
lr{)uble w hen they d{)n l come acni.ss as ihemsebes. . . . And people in an 
inleniew sj^ot that, like lhall S{\ be yoursell. arul be confident about who you 
are ' hut being yourself was a complicated balancing act lluu irnoKeLL in 
l^renda's wx>rLls. stretching [)ul not King' about your conipetent ies. How should 
one respond to qLiesli{)ns like — Are you creatiNe'?* Are you analytical? Are you 
a leader? — with fiiin and assuied moclesty. How do you negotiate the common 
knock-out' tat tor ot lacking well-defined goals and a career plan'^ B\ excising 
all the modalities of desire aiul neetl that make one les^ mobile in corporate 
spate \X hen 1 asked lku1 about his goals he struggled to aiticulate theni: 

\\ ell. I luive to consider my w ife when I make goals, but I guess we're 
kind of traditional. \\e'\e gtU \-our American dream. I don't want to 
he siagUcUit in my career, but I'd like to not ha\e to mo\e around a 
lot. And that's asking a lt)t these tlays. Hut if I could just get myself in 
a situation where 1 could see where I hatl the op[^oi1unit\" to go. as 
t.u" as mov ing uj>the tareet latltlei. I woultln't mind settling dow n antl 
getting a bouse with some lantl. W'e'ie both real tamiU-onentetl So 
wlieie we toultl raise a lamil\- and Ntill spenti time seeing our family 
and fnentls Hui tluMi again I would lia\ e my career as far as what I 
want to tlo with \\\\ tareer. If 1 can see where I ha\"e a chance to go 
It won't gel loo retluiulant on me to he in one position for a gootl 
while .Xs long as 1 know I tan mo\e wyt in m\ careei I tl like lo sellle 
tlMwn as far as geography goes So I guess ihal s our long-term goaN 
Raise a lamiK I tlon t know 
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Wlicii I askctl liiiii how he woultl lia\c answered that cjuestioii it I'd been a 
eorpoiale inieniew er asking it. liis reply omitted all the eoiieerns of iii.s ori- 
ginal answer and put in their place the ihin logic ot a corporate irajecioty: 

I have been asked thai cjuesiion. like in five years, w here do you see 
yourself?' I'll sa\ , 'niox ing into a middle niLUiagemcnt position.' NX'hicli 
is what I w ant to do, Inii. I wouldn't say i want to be C^HO in ten years 
so watch out." Jusi lo be in a position where I can move upwards, 
upwards without ha\ ing to move away. 

Be ambitious but not too ambitious. The truly [Moficient practitioner of 
corporate sociability, at least In one account, would never de\'iate from the 
studied norms of i)land pleasantness. A corporate-sponsored speaker advised 
.students to: 

Be professional, and polite, lo each and ever\* person along the way. 
Which includes secretaries. Secretaiies oftentimes can play a ver\' key 
role in whether or not you're hired for the position. Be [■)olile to 
excrybody along the way. from the person who you're walking next 
to along the street, to the person who you ride up the ele\ator with. 
Vou never know who that little man is over there in the corner of the 
elevator (Clorponile-spon.sored .seminar). 

It s hard to argue with the notion that we should be nicer to secretaries, 
but w hat s being advocated, I think, is less a common civility than a strategic, 
self-nionitorecl peilormanee of [Mofessionalism': personality without the 
modalities of humour, jxission, desire or conscience. 'I a Ik ing t)r bodies atid 
social practices in this way presumes a \'ision of them as malleable construc- 
tions con.siiiutetl and articulated through semiotic-material' (Haraway, IWl) 
systems: dress, toilet, material settings, the regulation of the kinds of people 
one interacts with, interaction settings, the foods and drugs one ingests — all 
{)f these codihed in relatively explicit wa\'s that stabilize them and make them 
mobile within networks of corporate practice. 

This interplay of body and space in the business school is a complex one. 
(Corporate space it.self reflects a shift from the space of the body to the body- 
in-space (I.elebvre. IWl. p. a tlecorporeali/ation' of space that produces 
an abstract' space domitiated by the eye and the ga/e' (Chegor\', IWf, p. 
V;2) Of cour.sc. s(Mnething similar ct)uld be .said for [physics as well, but in 
physics abstract space was a LtMistruction on paper, a way of making distant 
and invisible things \ isible. close, and pliable. In management, abstract space 
was ;{ mateiial oigani/alion of space-time, a wa\' of making close and 
tonie\tuah/ed things \isibk\ disi.int and mobile The body became a spatially 
organized construction taking form as a c(ni|unction of soni,itic and extra- 
somatic flows within standardized display spaces woven across settings of 
(.orpdiate education and practice 
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TIr' Lindcrt^nulualc niaiiagciricni program. inMcad of coniK-cliiig Mudcnl.s 
lo a network of praclitv.s for mobilizing and compressing the world into a 
central selling, prepared sUidents lo go out towartls the distant centers of the 
corporate network. Whereas the physics program was tightly attaciied lo a 
core site of practices for mobilizing the physical world, the management pro- 
gram was one of many mobilizetl settings tor corporate actor-networks, in the 
former suidents learned' by making things move, m the latter by making 
ihemselves inobile. 



Notes 

1 There .ire. nt <.()urse. .uu' luiinher of inatheinatized a'presei^laiions in inLiniigeineni 
— KeUiin on Assets', ele. — hut the inanagt'inent students I talked to did \ er\' little 
with sueh foriiRiLis l-\"en in their final, senior year eouises the\" had to flip haek U) 
textbook appeiidiees lo reniiiHi thein.seh es of the exact nature of the fornuilas; and 
thev //.s'tv/the formulas only when directed b\" professors. I ll stress, however, that 
I am talking about mcnui^emcHt majors here The situation ma\- have been ver\- 
tlifferent. and more similar to plnsics. in a field like aeeounting or ojX'rations 
management. 

1 I mention the art — there was a Va of it and the j^ieees seemed to have been bought 
111 part for their si/e tall were hiy^\ — in part because of the |")arallels with the 
corporate workplace ami in part bet. a List- it set the business building a|*>art from 
others on campus, none of which had art collections like this (at best, j^ortrails ot 
the people the buiUlings were named after or souie repro<.luctions hung U|*> in. office 
areas) 

\ .'\<.ademic facult\ were also socialK' distanced from practical' fatult\ . The instruc- 
toisand adjunct fatuity were scattered arouinl iIk' complex in small offices, without 
secretarial buffers, close to or in sRident areas of the building (adjunct faculty, in 
fact, had offices in rooms that st't-med to be originalK designed as interne wing 
rtjoms fo! corporate recruiters). 

1 The advisers m ph\sies. bv contrast, were in offices that ojX'ned directly into public 
hallwa\s Their doors were n.ol closed when the acKiser was j^resent. and students 
sunpK- walked in unless (and sometimes in sj^ite of the fact that) the acKiser was 
alreadv engaged. Nttn cover, the undergraduate adviser in i^liysies did not e\aliiale. 
but instead handled scheduling problems, finding students internshij^s m profes- 
sor's labs, c'tc . 

^ (.'.onirast this to the intrinsieally UkoI modes of assoeiatuni — the tight triendship 
nctw(»ik^- - among working class 1-uropean ■.■\merK\ms. Hispanics or Atrican- 
Aiiiericans desinbcd by W illis (1^)81). Foley (IWO) oi Rose ( l<)8") This is not an 
exclusnc' opposition, however. .'\s we saw with j^livsies. extremely locali/ed groups 
tan be extremelv powerful to the extent that thev are able to mobili/e Inrge j^aiis 
of experience and collaj^se it into then local sjxiee. I 'sing (lofhnan's { l^n ) terms, 
we could say tlial the management progiam. and coiptnate practice generallv. 
niaigiiiali/e ant hored ties' while creating tlense webs of '.monvmous ties Personal 
identilv doc'sni disaj^pear. but it is pushed into the cornels and social identities' 
t.ike (cntei st.ij'f In pliNsus. hv ccnitrast. jieisjtnal and mkmI itleniities .ire 
•apsed inn > < >iu' 

(> 1 tiressetl tliflert-ntlv when 1 went to the business sehool as well II I went into 
plivsus or soeioh^gN' .ireas wearing a suit antl t an vmg a biieftase I'd bt- j^eggetl as 
.1 textbook s.ilesinan Hut without the at t outiements - ■- .iiitl this was a veiv long 
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liiiR' Ix'tba* I lx'>;:in lo think in lcriii> ot ilic aiulvNis I ni dev eloping in this chapter 
— I tell out of place in (he BuNiness School lkiiklin>4, otn iou.s. awkward. I siarted 
varr\-inii around a lie and fre.sh shirt in niy ailache case anil always wenl sirai^^hi lo 
ihe nien's room lo freshen up when I came lo liie B-School from anoiher pan of 
lainpus While bodily appearance i.s hardly the whole siors- of niohili/ing t)neself 
for a corporate irajecloiy lis a i^uw ijua mm. 1 once inlerviewed for a job willi I he 
educaiional cln ision of Arthur AiKlersen and w ilhoui exceplion, ihe firsi ihing i was 
lold when I lalked lo someone was lhal I'd really lia\e lo shave my Ix'ard (I didni 
gel offered ihe job). 

*' Tile qLialihcr is iinportani. Business schools play a much iiu)re imporiaiii role m ihe 
Tniled Stales than in France (Marceau. I^^'^). In other words, 'cultural capital' may 
ix' less malleable in France than in the Tniied States. 

H 'Iliere are several advantages for core hnns in an economy in having employees 
who share anril')utes ani^l interpersonal and commimicaiive siyles geared to the 
ilemands anel practices of the organization. They allow the rapid translatit)n of 
external e\ents inio die operating vocabulary' of the organization (March and Simon, 
make possible ihe rapid anel accurate transjiiission t)f information across 
large, geographically fragmented social networks (Ranter. 19 . p. ^"^). aiRl faciliiate 
group formation and action by signalling status group co-meiTibership (Collins, 
Vr9. p. (^1 >. 

*J These seminars were presented by relatively young men and women (in their 2()s) 
who perfonneei skits of intei^ iews arul such in addition to talking to the people 
atten<ling There were also brief \ i(.leo presentations on various issues (ibe videos 
slipping in generous references to the products o\ the sponsoring t.orpt)iations) 
I d emphasi/e the fact that the presenters were nat business pet)ple. nor, in the 
case of the one lellow I talkeel to, graduates oS. Inisiness schools: he was an actor. 
The f^oint is that the sociability being conwyeel was explicith a [x-rformance, a 
simulation 
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spat fell and temporal practices are nerer neatral in social affaify. 
They alirays eApress sotne kind of class itr other social content, and 
are more if/ten than not the focus (f intense social strii^iii>le (Ilanvy, 
/W9. p. 2^^)). 

Declaring; iIkiI knowictlgc leamint» aiv spacc-linu* processes is a \\ a\' of 
tlclacliing llicin from ihc t^liscoursc o\ {psychology and coiinccling (licni lo 
ck'hates in social ;!ic()iy. Assuinplions from holli psychology anti social ilicoiy 
gel clisiurbcd along ihc \va\'. This chapltT summarizes that disruption, examines 
its relevance and value, and looks forwaixl to its implications. 

The tjuestion that framed this study was how schooling activities are 
connecced to activ ities in other seUings. In traditional psychological accounts 
acliviles are presumed to he connected In- indiv iduals who. po,ssessing some 
sort of generative capacity (e.g.. cognitive schemata, hahitus), have llial capa- 
city altered at one point in time I in sciiooll, and cany with them the eonse- 
(}uences of those alterations to their practices in settings encountered at points 
later in time. 

By focusing on spatiality Tve tried to disrupt these assumptions. If it is not 
ck'ar hy now, let me emphasize again that I'm interested in spatiality an<.l 
icmporalily as constructed spaces and times, constructed through networks of 
relationships connecting animate and inanimate objects combined and arra\ed 
across vastly separated contexts. I am not using space' metaphoricalK', nor am 
I merely saying that since eveiything happens in sjxice, then so must learn- 
ing*. Tm saying that jX'ople move through space materially, and simultan- 
eously move and con.struct space-time through practices of representation, and 
that what we call learning' are segments of motion which follow the shapes 
of more stable institutional or disciplinaiy networks. 

Institutional settings and activities aren't arrayed chronologically in time 
(from the perspective of the individual), but in networks that construct space- 
time lelations. Participants m one pat1 ot a network are always interacting with 
the other parts of the nelwv)ik, though the interactions are often asymmetrical 
a\k\ unequal Students in the uiideigratluaie {programs weren't being j^repared. 
or preparing ihem.selves, to partKipate later m professional fields ol practice. 
lhe\ uere inteia(ting with those fields 

iMom this perspective, learning' is. first, being able to move onesell and. 
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second, other ihings (hrough those spaee-linie networks. If the phrase having 
knowledge' means anything it means participating in an actor-network that 
organizes a held of practice such as a 'discipline' (although that is only one 
example — unions, community organizations, and so on could also function 
as actor-networks). Participaling means becoming spatially and temporally 
organized in a fc)rm that mo\'es you into the material spaces of the field, and 
becoming proficient at using the discipline's representational organizations of 
space-lime. The discipline* itself exists as a stable entity insofar as it ties 
together spaces and times, mobilizes elements, and moves them across the 
distances to a center where they can be combined and acted upon. Some 
college programs are both components ol disciplinan' networks in this sense, 
as well as sites for reproducing disciplinary* practitioners. The programs I stud- 
ied were sites wheie people were connected, albeit in subordinate ways, to 
networks of j^jower that organized acti\it\' in crucial parts of the e\'eiyday 
world. To understand learning and knowledge it's just as essential to trace out 
the network structures and the political econoiiu' that sustains them as it is to 
study students' experiences in specihc settings of pedagogy* or practice. The 
programs are not different levels' of a process but different regions of a com- 
plex, highly interactive network. 

Although it owes much to theories of \situated learning' (e.g.. Lave, 1988; 
Lave and Wenger. 19S)1 ), the argument I'm advancing differs fundamentally in 
lis insi.stence on attention to the spatio-temporal mobilizations that bring those 
different regions of networks into articulation. The preoccupation of situated 
learning theories with apprenticeship models and practices in small-scale 
craftwork communities sugge.st.s a kind of nostalgia for localized, pre-capitali.st 
forms of social organization. Activity is piesumed to take place in circum- 
scribedv bounded settings among practitioners linked by strong social ties. The 
kev notion of community seems of a piece with the Heideggerian notion ot 
•place', glos.sed by Doreen Ma.ssey ( 1993) as that of a clearly bounded setting 
with an e.s.sential identity constructed out of an introverted, inward-looking 
history based on delving into the pa.st for internalized origins' (p. 6-t). The 
results are limiting conceptualizations of .setting, activity, participation and 
idenlily Power drops out of the analysis, hist on* is reduced to the life cycle 
of the local community. 

In coiura.st. \ have argued that schooling (or any other setting or coinmun- 
itv of practice') can t be understood on its own terms, but only by looking at 
how its j-jractices are enmeshed in much more exj^jansive networks. Schooling 
i.sn t a mere reflec tion of 'larger' processes — economic, political, or whatever 
— nor does it pnKluce' (or re]')i()duce ) those j'jrocesses. One part of a network 
doesn't create another, but hues of connection and the peoi')le and things 
Uowing through them aie always under stres.ses. always contested 1'hings are 
defined bv I hen coniK'ciions Places arc C()nstructions made up oI" other sp, ices 
that have been mobilized and circ ulated through networks distributed acro.ss, 
and consiiiuting. sjxues and limes. Face-to- face' interaction is a misnomer: in 
additu)!! to ]K'o]Mc and things in the immediate .selling people are always 
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inleniciinj» with ^//.s7^/;// entities that have been materially or semiotically trans- 
ported into the eneounter.* 

Once we see the uorld as laced together through space-time compression 
and processes t)f distanciation. questions of power become unavoidable. I 
showed in chapters 1 to S how the physics and management programs simul- 
taneously concentrated student activity' within Ixuinded material organizations 
of space-lime ^^hc/ began to link those students (albeit in very different ways) 
to distant sites of disciplinary practice through representational organizations 
of space-lime. The programs were t)ne articulatit)n of a process in which 
centers of pov.er become concentrated in small, densely organized places 
scattered around the globe but ct)nnected to each other b\' flows of represen- 
tations through the disciplinaiy web. This simultaneous, flexible process of 
. centralizing and decentralizing activities' (Casiells, I99la, p. U) is character- 
istic of global economies, where the territoi ial dispersal of . . . economic activ- 
ity creates a need for expanded central control and management* (Sassen, 
1992, p. -1). These are necessary conditions tor sustaining a globally dispersed 
elite and generating spatio-temporal boundaries separating that elite from other 
groups. As ("^Listells (1991) suggests: 

The new professional -manage rial class colonizes exclusi\e spatial 
segments that connect with one another across the city, the countiy. 
and the woiid; they isolate themselves from the fragments of local 
societies, which in consequence become destruclured in the process 
of selective reorganization of woik and residence (Castells, 1991, p. 

The tlisjXMSed centeis of powei' aie connected in lepre.sentalional organ- 
izations of space-time that lie together what C'astells refeis to as spaces of 
Hows'. Indeed, the power of the centers depends on their being able to con- 
slituie a space of flows that lies them togethei' w hile U)calizing and fragment- 
ing other regions of activity. The centralizing and decentralizing features of 
modern social organization (the mateiial and representational organizations of 
space-time, respectivelv ) are created and sustained through the activities of 
actor -networks. The.se nelwoi ks re\ ()lve aiound the work of mobilizing the 
w<Mit.l so that it can be mo\ed through a spate of Hows, and so that elements 
of the networks, including students, physicists and managers, can themselves 
move through those spaces in one form or another. Disciplinaiy learning and 
know ledge are tonus of motion through representational oiganizalions of space, 
spates of Hows. 

The physR s and management students, by attLiching themseb'es to actor- 
networks and participating in their practices of representation, were bect)ming 
[\nlK ipanls in ihetontrol and manijnilation oi disc iplinan flow s. IMiysies pro- 
tlucetl a mateiial oigamzation of space-lime where students weiv concentrated 
antl linked to olhei praclilioners and settings i)f pliwsics by .i sjxue of flows 
that reduced the natural \voild lexis aiul machine's Management produced 
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a sjxKc of pht^c tliat niiiiiit.kct.1 Init sliaiyjly ilistingiiishcd itself tioiii [)r()tcs- 
sional worksjXKvs; a spate ot" flows in which tlie self hcf,aiiic a flow. 

Selves' aiv not sjiiipiy multiplied or fragnicnled, they a* dislribiitcd across 
space-liiiic networks, constitiiled in their material and seiniolie connections. 
Ditferent (.lisciplinaiy consti Lictions ot sjxice and time mean difteient construc- 
tions of self." The physics program compicssed stiKlents' spatial antl temporal 
activilw bent them into the Lliscipline in a way that transformed them into 
den.se integrated selves defined by small, close-knit networks of immediate 
peers, but also tightly linked to distant and unknown others participating in 
the .same actor-network. The management program spread students out and 
segmented thcii" practice into discivte frames ot leference an^l hence different 
organizations of self, but their disciplinaiy selves were mobile bundles oH 
social practices that allowed them to mo\e in and out of distant business 
settings, at lea.si provisionally. 

Making othei- things mobile and acting upon them in youi" setting, anil 
mo\ ing yoursell' from one poweitiil setting to another, are characteristics of 
the disciplinaiA powei' that the physics aiul management stiKlents weie be- 
coming partici|Xints in. As Doreen Massey (199.^) puts it. there is a 'power- 
geomeliv' to the space of flows-, different social groups and different individuals 
are placed in \ ei\' distinct ways in relation to these flows and interconnections' 
(p ()1): 

mobilils aiKl contrt)l o\er mobility both lellect and reinfoice power. 
It is not simply a (juestion ol' uiuniual distribution, that some people 
move more than others, some have more control than others It is that' 
tlK' mobility and control of some groups can actively weaken other 
|X'o|^lc (Massey. b)9.1 b2). 

This iilea of a power-geometry to the organization of .-.pact ..n<i:»er 
wa\ ot making the point that the mobilizations of students in th. d! -. iplrMiy 
network are constituti\e of j^ower relations, not just incident: iiv t.{jnr"\ted 
to them. It isn i so much jM)sition as the pattern of mowment. Knowledge in 
motion, that defines power relations 'I hese difteient regimes of motion build 
on anil create social divisions that are rooted in difteient ial experiences ol 
space and time As Pred and Watts (1992) summarize this argument: 

In iCastells and I ienderson's ( 19S"')| language, one tuiulamental as- 
j)ecl ot the inteinationalization of tcchno-cct)nomic jMocesses' is the 
lendcncN" tor the 'space of flows to supersede the space of places' 
{p. Deleuze and Ciujttari ( pr"') refer to this son ot phenomenon 
as deteiiitoiializalion". in whu li the <utual d\namics ol a given Uk.i 
tn m rel\" on. and are shaj')C(.l by, actix ities ;iik1 forces that are decidedly 
non-local The logic and ds namics of tentorial development are in 
creasinglv [^laceless. Vet at the same time, social relations, and nukh 
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ot" w hat passes as ovonxlay life, continue lo operate according lo a 
local, place-oriented loi^ic (the space of places') (pp. 11-12) 

As C^,asiells (1991) himself puis it. People li\e in places, powei- iiiles 
through Hows' (p. 3 »9). This produces a schizophrenia', he argues, heiweeii 
the sjxilial frame of reference of the dominant elite and the spatial exjX'rience 
of most people w ho aie rooted in their communities' (Casiells, 1991a, p. 19). 
The result is a dianiaiic weakening ot the pos.sihilities for communication, 
cooperation or conflict. 

How can a flow lelaie to a neighhourhood meeting ov lo the forma- 
tion of culture on a j)la\ground? '{'here is no relation, iheie is no com- 
munication. The proces.s of disintegrating societx' starts at that point, 
because people are not enemies, hut aliens (Caste lis, 1991a, p. 19). 

It physics and management students were becoming alien' to p('0[)le like 
nie and others outside their fields it wasn't i)ecau.se the\' were being swal- 
lowed up in dist'iplinan' aj'Jparatuses or having their lifeworlds coloni/ed (to 
use Habermas s ["jhiase); it was because they weie moving in space-times that 
the rest of us don't — and increasingly can't — mo\e in. 

Castells tjualifies his bleak portrait, hut his general message is cautionaiy. 
Sj^ace-time comi'jression and the globalization of economic and cultural Hows 
create tragmenling {"Jressures and disrupt communicatioi^ among gioujxs ditfer- 
cMul\- positioned and mobilized in the |')ower-get)metiy. As we ha\e seen in 
this book, discij'jlines aie implicated in this proces.s as they organize space and 
time in distinctive wa\s clo.sed to outsiders. As educational j^iactices p\:{y key 
roles in nioxing .students into these spaces and limes and in creating the 
houndaiies that separate insiders and oulsideis, the study of learning and 
knowledge can t be .separated tVom the study of the oigani/ation of the social 
world, which includes its .spaiialities and tempoialilies. As Ciu])ta and 1-ergu.son 
( 1992) remark. 

We need to iheoiize how .sjvace is being reienitoiializecl in the con- 
lem[)()iary world . . iMiysital location and phxsital leriilory, tor so 
long the n;//v grid on which cultural difference could be mai)ped. 
need lo be repLut'd by multiple giids that enable us U) .see that 
connection and contiguity — moie geneially the iej')ie.senlalion of 
leiriioiy — \ ar\ considenibK' by tactois such as class, gender, lace 
and seNualit\-, and are differenlK' awulable to those in ditleient lota- 
lions in the t\eld of powei- (p 20) 

And I Would push this luuhcr Snue oiii leseardi. llieori/mg. and willing aie 
(. onliibuiions to flows of infoiinaiion. and heiue make us participants in the 
releri iloiiali/alions ( )iii works comment on, wc*'re obliged to take responsibilitv 
(oi the pohlHs iImi (.an be ac complislu'd ihiough oui works. 
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A lot of educalional ivscaivii tells {he stories of groups tliat liave Ixvn 
discriminated against or disadvantaged by the schools; groups localized, im- 
mobili/ed, or mobilized to seive the needs of more powerful groups. Such 
research conjures up the political agenda of critical social science (Fay. I9HS). 
It holds the promise of raising consciousness, explaining to oppressed groups 
the conditions of their oppression, and giving them a theoiy and praxis to lead 
them out of that oppression. Although such works often move within a spatial- 
ization that keeps them separate from their intended audiences, hence vitiating 
tiieir politics, the intended logic of the research enterprise is clear. 

The logic of the present work ma\- be le.ss obvious. I've 'studied up' to 
examine the educational constructions of powerful' learners. My aim is not to 
raise the students' consciousness or move them to action (they have a good 
understanding of their programs); nor is my aim to improve pedagogy in 
the fields (for. desjMte occasional doubts voiced by educators in the fields, 
the programs lIo pietty well what they're intended to do). In fact, some of the 
arguments IVe advanced in this book could be taken as exj^lanations for why 
it won t have much impact as an inteiTention in physics or management prac- 
tice. Action moves through sjxice-time networks and the book moves in a 
different spatial and temporal frame ol refeience than physics or management . 
practice. Its effects will probably be coniined to the network within which it 
mobilizes educational j^cMlions of the j^hysics and management networks: edu- 
cational research. 

What the book offers lor educational studies is a re-ierritorialization that 
rejects the b'oundaries commonly drawn around institutions, communities and 
aUiMties. Instead, the focus is on what's getting mobilized, bow it circulates, 
who accumulates it where, and how this motion dehnes and connects things 
;is it shapes spatial and temporal relations. 

To do this right probably means re-casting research as a nuilti-researcher 
multi-site engagement. Mo.st actor-networks will be much harder to study than 
discipiinaiA settings like t!ie physics and management j^rograms. And it hasn't 
escaped me that my own spatiality in this study was highly localized: ideally 
ila-re should have been multiple case studies of different regions or positions 
in the di.sciplinary networks, .studies of the different wa\s of moving through 
them. It'll be difficult to organize this kind of work unless it has a clearer link 
to. .md a clearer political engagement with the groups whose space and time 
we. ;is researchers and writers, participate, albeit in subordinate ways, in shaping. 

Such engagement means thinking about how others can get involved in 
pioducing lepresentational organizations of space-time, how the geometry ol 
(lows can be reconfigured .so that fonnedy marginalized sites can become 
nodes and centers of a( cumulation as well; how paiticipation can be maximized. 
I don't mean to suggest that these are (juestions we should ask /;/ our research. 
I mean that our woik. not so iiuu h Imw we write, but bow what we wiite 
moves, implicates us in answers to these ciucsiions 

The Louplmg o( knowledge and pn\\c\ is someiliing moie than a dietor- 
K .il assertion it's an empirieil (juestion of how m;Ueiial spates ;ire con.structed 
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or rc^ionali/.cd. how jx-opic mow in and out of then) and wiihin ihcnw how 
ihc world is mohiH/cd. where it s a)llccted, and who aets upon it. Physies and 
numagenient education resolve these issues in ways that allow them to as- 
semble widespread and stable networks that shape and aftecl lar^^e re>>ions of 
human experience. \V hat sort of networks do we as educational researchers 
build? How mi^ht we reshape them? 



Notes 



1 Nolioii.s .sueh a.s 'inierte\lualil\ ' or "lieiert>gK).s.sia' assume di.stanced interactioas, 
bill Ignore the queMion <)l niechani.snis — the network.s that organize space and 
lime. In tact, I hey are grounded in the particular networks of — and reflect an 
UIUlckno\^iedgcd uni\ersali/.atn)n of the po.^ition of — academic, univcrsily-ha.scd 
readers. 

1 One prohleii^ w illi the La\e and W'eiiger (1991) framework is that it lake.s as it.s 
iDodel seemingly l(K'ali/.cd and i.solated fields t)f practice and treat.s them as exemplars 
of all practice. 
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The Place of the Major 



Tliis appciKlix cxplain.s iny dc\i.sic)ii lo focus on coliincs in iIk* major Ik'kl ot 
suid\" raihcM" than iioii-inajor or general (.li.sliil^LUion" coursos. l-oi- (lie ivader 
uiitaiiiiiiar wiih ["^hysie.s and inana^ucinent progianis. l\ibles 1 aiul 1 repro<.kRV 
the oHkial eouisc rc<.|uiiviiKMH.s toi" dcgivcs in llic fields 

U s clear dial this hook has loeused on a parlieiilar poriion of suidenis" 
Irajeeloiies Uiroui^h the eourse requirements: t'oi' [')li\sies .students their physics 
aiul math couises. tor management stiklents then' business and inanagenienl 
courses Igi: )ring the general education' couises and non-specialization electix es 
isn't unproblematic. but it does mimic the i)raetice of the students ihem.sel\-es. 
all i)ut a k*\\ of w hom described such courses as disuaciioiis. hi anal\ /ing a 
vear s wordi ot lianscripts ol' recent ph\ sics aiul management giaduates and in 
iiiteiviewnig siiKleiits Hearing graduation. I tound that students took their general 
distrilHition courses at various points ii^ their (.ollege caieers and iinpoiled 
main ot them from other (usually les.s deiiuuHling) institutions such as <.-om- 
inuiiit\ colleges As a result, (.ouises m the ma|oi" weie spatialK' locali/.e^.l and 
lemcJoralK" sequencetl in distiiKti\e \\a\s while courses outside the major 
were not. 

Spatial and Temporal Dispersion of the Non-Major Courses 

\lan\ sjx'citic courses were required in the student's major field ot study, but 
students had a great deal of discietion in wlieie and when tlie\ took tlieii 
general distribution courses. 11ie transcripts re\eal a sj-^atial scattering o\ sui- 
deiits" iioii-maior coursetaking Although tlie\' got their degrees hom one 
uiii\ersi(y. iheir academic careers crossed many iiistituuons. Over S() per cent 
ot 'all the students in the irans( rij-jt .sami-ile had transferred hours Iroiii other 
universities, and o\er Si per cent had taken tliiit\-oiie or more hours at other 
I olleges (1 e . in excess olOiie tull-year-equi\aleiit of courses). As r\e alreadx 
suggested, the iraiister hours were not randomly distributed across ty[H's ot 
courses, but were c oik eiitiated in ilistributioii oi noii-maior coursewcMk (see 
Table ^\ 

Most ol the ti.inslei lu»uis in ph\sii s weie the result ot students begmmng 
tiien studies at otliei uiii\ eisities or in othei ma|ois. tr.iiister liouis in manage 
ineiit were more often the result o( students strategically taking courses .it 
other, less academically demanding institutions. Only three ot the management 
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Table / Administrative Reauirements for the Physics Major 



D'-stnbuVon Repuirements (40 nours total) 

9 hours of English. Freshman Con*5pos!t'On "Masterworks of L'terature'. and Waiting 

in Different Disciplines' 
6 hours of Annerican Government 
6 hours of American History 
13 hours in a foreign language 

3 semester hours from one of the following anthropology, economics, geography. 

linguistics, psychology, sociology 
3 semester hours from one of the following art. drama, music. ciassics. architecture. 

phiiosopny 

Related Math and Soence Requirements (37 hours total) 
?4 hours in mathematics, at the calculus level and above 
8 hours of introductory chemistry 

5 hours o^ biological and/or geological science, including iaboraiory 

Required Physics Courses (m.immum of 40 noursi 
12 hours of lower division courses m physics 

Wave Motion and Optics (with lab) (4 hours) 

Introductory Electricity and Magnetism (with lab) (4 hours) 

Introductory Mechanics (with lab) (4 hours) 
28 hours of uPper divs'on courses ^n physscs -nc'udtng 

Classical Dynamics 1 

Classical Electrodynamics 

Introduction to Quantum Phenomena 

Applications of Quantum Mechanics 

Subatomuc Physics 

Thermodynamics and Statistical Mechanics 
Quantum. Mechan-cs 
Advanced Laboratory 1 

Recon^mended phys<cs courses 
Ftectronics Techniques (a 3 hour upper aivJS'O!^ course) 

Introductory Pnysics (a 3 hour 'ower aiv.sion course not countng towai'ds the BSl 
Int^cci jctor\ physics So'^^'nar va l hour lower d'ViS'on course not counting towards the 
BS» 



stiKictit'. inlLMN U'w tor this siud\- IkkI m iIk* uiii\ <.'isii\ ihiout^houi iIk'ii 

.u.KkMiiK taixx'is ( )( iIk' oiIk'is oik* tianstVnLxi to iIk* uniwM.siiN with about 
OIK' NtMi o| (. ( >ui sew ork let I so sIk' <.ouIc1 Ik'i itev^i ^^'^^' tioni a inoiv j^reslii^- 
lous insliluuoii lliaii iIk' otk' Ix\uuii a* V\\\w otiK'is. all woiiK'n. nio\<.\l 

troni insliluiioii to iiistiluiKni followiii.u luisi>atuls oi ho\ tiietKls. 

I-'or iIk' rest. iiioWMiiL'iii au()ss institiui( )iis was sttat<.\ui<" sj^t^-iulin.u 'i \ca\ 
ai a coniinmiilN or luiiior <.( >!!<.'. y.e[ disnilnition tciiuireiiH'nt.s (inaiiily lilv 
t'ral ails (.ouis^'s sikIi as l-iiulisji. liistorN. uowriiiiK'nt. hut also some ot tlu' 
imlial huMiK'ss rL'ciuirt'iiH'iits sucli as malli. at t ouiitiuu aiKl etonoiiiKs> - >ut ot 
llu* \\a\ at institutions tliat wt'ir l>olli (. iK'apt'r aiKl rasK-t tliati tiK' iiiii\ n sit\ 
t ( -iaia. 1( )i e\ain|>le. t( >ok 1 i Ik )UI s .i s^'iiK'stt'i at a t ( )imuumt\ t ( )lk\u^'- < n k<.'tl 
pail liuu'. aikl inaiiilaiiu tl a \ <i .uiailc point a\('ia.ur» ( )tlK'i stutlnits <.hosr to 
a\()ul tlir lai,m.' aiul iiuporsc )n,il lowct di\ tsion lasses m tnatli. otonotnu s 
aiKl ai (. ( )nntin,u. l ii.uh^h. .U( >\ ^.'iniuent aiKl hist( ha . aiKl instt'ad it « »k sm h i lasses 
al easu'i (t>niiiKinil\ <. olk'.U'^''^ near hoiiie duim.u lh<-' suiiiinei 
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Table 2 Adnvmstrattve ReQuirements for the Management Major 

Distribution Requirements (60 hours total) 
3 hours of English- 'Freshman Composition', "Masterworks of Literature' 
8 hours Business Calculus 
3 hours of psychology or sociology 

6 hours in fine arts or humanities archaeology, architecture, an, classics, music, 

philosophy. Greek, Latin, drama, fine arts 
6 hours m the natural sciences astronomy, biology, botany, microbiology, zoology, 

chemistry, geologv. physics 
6 hours of American Government 
6 hours in American History 

3 hours m 'applied communications' (from a college-approved !ist. including courses in 

media, journalism, and languages) 
3 hours of upper-division business electives 
6 hours of upper-divtsion social science 

At least 7 additional hours outside the College of Business Administration 

Business Courses (39 hours) 

Introduction to Macroeconomics Introduction to Microeconomics 

Financial Accounting Managerial Accounting 

Introduction to Data Processing Business Statistics 

introduction to Business Law Money and Banking 

Principles of Marketing Business Finance 

Operations Management 

Organizational Behavior and 
Administration 

Managerial Policy and Strategy 
21 semester hours of upper-division coursework m the College of Business Administration 
Among these must be 12 hours f^om the following 

Advanced Organizational Special Topics m Management 

Behaviour and Organizational Design of Productive System. 

Theory Collective Bargaining 

Personnel Managenient Personnel Assessment 

Personnel Field Practice 

Advanced Operations Mar-agement 

Introduction to Operations Research 



Tab'e 3 Avdigc Semester Hours Tai^en tn Selected Feias ^nd Percentages Those 
Hours Tai^e^ at Cci'eges Other Than the University 



f,e!ds Phys'cs Students (N =■ Management Students (N = 36' 

Average tota^ ^^curs lb? (24 2 %>) 134 (29 1%) 

Phys'cs 48 no rv^'. I 

Manauon.ont ?3 (09 b"A.) 

[Muilish 9 (31 5"'. / 11 (47 \%\ 

GovcMnn.ofU C (33 3'\.) 7 (ASS"A.) 

History 6<39 5'V.» B (58 W;,) 

M,nh 30 (?0 4 .: 1 8 (62 5"'/..) 
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Management students took over 45 per cent of all their liberal arts hours 
from other schools. Fourteen of the 36 whose transcripts were examined in 
detail took no histor\' or government at the university, while only six of the 36 
took all of their government and historv* courses at the university (by contrast, 
only four of the 17 physics students received iheir degrees without taking 
history- or government courses at the university). Much the same was true of 
the introductoiy coarsevvork (which, significantly, served to 'weed out' students 
who began their careers at the university). Only 54 per cent of the manage- 
ment students' courses in economics were taken at the university, 5S per cent 
of their courses in accounting, and 3"^-^ per cent of their math courses. Hleven 
of the 3() students in the random sample took no accounting courses at the 
univcrsitv, \1 took no economics courses, and 19 took no math. By contrast. 
\vr\- few tnmsfer credits were used in finance C.H per cent of total hours in 
finance), marketing (IS. 9 per cent) or business law ( 19.S per cent). 

Although the courses appear closely connected in disciplinary represen- 
lalions such as course recjiiirements and transcripts, they occupied uncon- 
nected.! j^osilions in the material organization of disciplinar\- space-time. Physics 
and management .students could fulfill their Knglish requirements", for example, 
at one of thousands of post-secondaiy institutions in the countiy, at tw-* or 
more different institutions, or through tests thai allowed them to place oul of 
llie courses. This kind of spatial dispersion of courses outside the major made 
11 less likely that they would be connected through network links or that 
.stiKlenls could relate them to one another in substantive ways, it almost cer- 
tainly precluded a group effect on physics and management majors — what- 
ever ihe\- look away from their scattered non-major courses was almost ceitainly 
different from what their co-majors lot^k. 

Concentration of Courses within the Major 

It the courses outside the major were scattered through space-time, the oppo- 
site was true of courses in the major field. Only 31.'" per cent of the physics 
.students" and P.^ per cent of the management students' ret|Uired coursework 
was in their major field (cf. levine. 19'"H. pp. 3l-n. However, the university 
\ siLKlied. like man\- others, recjuired students seeking degrees to take most of 
the courses in the major in residence' on the uni\ersity's c.inipus. The result 
V IS ih.ii stu<.lents took about 90 per cent of their coursework in the major fiekl 
A\ the umversit\ (T.ible 3). Moreover, wheie.is the vast majority of gener.il 
education courses could be t.iken in any order. Lourses in programs slkIi as 
phvsKs .md m.in.igement were temj^orally org.mi/ed by prerequisite require- 
iiK'iUs The pliNsifs .ukI math courses wei\* int<.'rlo<. keel so th.it. in tlK'or\ at 
le.isl. horn then liist ihiough then final semesters plusies majois movetl thiough 
a sequeiue ol courses (omplei<.'l\ stiuctuie^.1 by piei('( juisiies 

M.magement had a moie c omj>li( .ited striKtuie .i seijuem ed set (►! business 
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fourscs iv(juirc(.l of all Inisincss nui|()is. al()t\u w ith thav sequenced itianaj^ement 
ediirse.s. S( )fne\vheie during die management students" third or fourth year of 
Mudies the\' also liad to take four management courses (from a variable number 
of options) that were sequenced m different \\a\s to die main set of courses. 
The resulting temporal organization t reated small clusters of sequenced courses 
rather than a single long string as in i")li\sics. 

Official setjueneing rules such as these exaggerate the pace at which 
courses We're actually taken; <.-ollege catalogs poilra\- undergraduates marching 
through their courses of study in four years, eight full-time semesters. In the 
sjiiiple of transcripts 1 studied, only 21 per cent of the management graduates 
and onK" per cent of the physics graduates matriculated in four years. About 
a (juarter of the students in the two helds spent more than four years because 
lliey changed majors in mid-course; others transferred to the unixersitv fiom 
other schools and had to re-take courses. One major source of dela\' in physics 
was doing jMjorly in a course: 2^^ jx'r cent of the graduates had lUinked a 
physics course and had had to re-take it befoie continuing with the program. 

The most common source ot delay, howe\er. was the strategic slowing of 
the olflcial pace: students took 12 Ikuus a semester rather than the exj^eded 

Management students took some of their courses in the summer to allow 
theinscKes these lighter course' loads. Physics students would Ireciuenth" reg- 
istet h)r a course, then dioj-* ii and re-take it in a later semester. 

Although the pacing \ aries in this fashion, the oflkial course secjuencc\s 
do define the general tiaiecton of students' paths through a j^rogram — a 
tia|ector\ lacking in the non-ma|or ( ourses. 'I'he tiaiisciipts show that with few 
exceptions courses outside the major were not sec|uencecl In prere( juisites 
rhc'\ were temporalK scattered Licross the students' acLidemic careers ((he 
general excejMion being the posit lotiing of l-reshman l^nglish' in the first or 
second seuK'ste!' o( studies) Mtluiugli the temporal fragmentation of non- 
nuijor courses cloesn'f iiec essaiih mean tliat th.e\ weren't organi/ed into know - 
ledge-consiiiutiw network- . it does. al<Mig with the spaiial disju'isioii mentioned 
earliei. make sueh network eftc-cts much less likeU in course's outside the 
maior .Xt least, this se-enied to be the case foi the students I mleiAiewed. 

in K hoosing iion-maior courses, for example, management students spoke 
»i| looking tor foui things coinement hours, easiness (does the professoi tell 
\ou exactK what he wants and then test \ou o\c'i it), eiiteriaining leacliers 
and eiiteitaimng subiect mattei |oc\ for example, piaised his class m the 
I hst( )i\ ( )| \I( )ti( )ii I'u tuu s' tiuis 

I itKik that because I heaid it was le.il eas\ . taking it as an eletti\e 
\iul again, it was the same lasc-. Ithe piofessoij was just iiu ledible. 

< >ne of the best. piobabK thr besi tc .ii liet IXe had .it Ithe iini\-eisii\ | 
1 he tests w eu- ielati\ el\ i-.is\ lie w as |usi le.ilK i leai on w h.ii \ ( )U 

1 1. id t( > knt )W 

\\\ (onti.ist. he spoke" s1il;1i1 ingl\ < >f ((lun-c s like' I'nglish 
/ /J 
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Ihc PUue of the Ma/cfr 

TIk' Ki\uli.sli. I .^urss it s pn)bal)l\ importaiil lu \\a\x\ lo !ui\c* .i liulc 
kiiowk'clL^o of liicraluiv and the (.'orarl way lo wriic — ihal s aMUiinly 
iiiiponaiil. Hut I tolt Wkc it was a little ( Acivniphasi/cd. ... I had. 
SCO. conij'x )situ)ii tlic fii-st .semester . aiul then your .Masienvoik.s of 
Literature — whieh I. I i^uess it s good to know stories by Thoreau and 
Poe and all tho.se i;u\s. But I (.Ion t leel it s iK^essarw 

Niniilaiiy C.unis. who didn't like to read, spoke of havin>^ lucked out' in 
lakini^ a literature elass w here the course work eonsisteel ol iearnlingl a hui^eh 
about th.e authors Where they were horn W hat their jxuents did': 

most of w hat we read w. isn't that loiti;. It wasn't like >^on\u home and 
reading; pa.^es Ix-l'ore class. It was nu)re like inavbe 1^. Somelime.s 
we'd read two oi- three j^oems that were lik<.- hall a |vi>^e each. .Xs far 
as the readin.u jxut ol that course, it wasn't that ba(.l. It was more tr\ ii\u 
to fiL^ure out what tiie\ mean 

lMi\sics students. In t ontrasi. luul lar tewer non-major courses to take and 
M)ukl occasionallv find classes rele\aiit to the sciences that (ullilled their non- 
s(.ience re(|UirenK'nts- a parageoL^rapln ' course in tlu' humanities, hi.story 
courses on the histoiv ol sut'iice. An aicheo-astronomy course in anthroj')o- 
loi^\ . sdeioloi^v (.ouises on luulear power and weaponrv'. ( >n the whole. tlK'\" 
l(M)ked mon." favourably on noii-injjor t.-ourses ihan the mana.uement students, 
but siill lonnulated their approval as aj^jpiet iations ol jxutk ular unrelated courses 
ralhei lhait (.onnct^ted seejueutes of courses 

kei's see. 1 did uet something out of' the governnK'nt class 1 took, i hat^l 
a \e!\ good pi'ofessor wlio was wrv aniniatet.! aiul it was on C!i\il 
labenies under the Constitution . and he ma<.le it \cv\ inteiesting. 
aiid I canK'out knowing a lot moie about (a\il Liberties. Ah. the other 
go\ernmenl class 1 had it was realK more just a grind, it was just the 
basic introduuion to go\eiiiiucnt. and I don't know that 1 hadn't had 
all ol that stull belore 1 took an anthrojV)logy class, ilie study of 
lolkliMV. and 1 found that leally interesting. realK enjo\ed it. . . .We 
studied moie ( oiuemporaiv things as well as some ol tiie older 
folklore Let me see the laiglisli classes that 1 took, we covered 
some new m.iteiial. 1 don't know that I got anytliing out of it except 
iusi the en|o\in«.'nt of covering the material. I really chdn't learn an\- 
lliing new excejH ma\be learned some new things about some 
sioru's { Mol>) 

\s the (juoi.uions suggest, lot both groups of students tlieie weie fio pat 
terned movements through the space outside the major, no trafisformations in 
so( i.il leiations of miiKl. no connection among die contexts of the non-maj»ti 
t ( >uises 



1 



Tlio spalial locali/alion and loinporal .sequencing of courses in liic major 
i!Kirkccl ihcni oft from courses outside the major. li undergraduate education 
had syMematic effects on students — if it produced 'outlooks', skills', know- 
ledge', or ways of knowing' characteristic of groups — then these effects were 
produced /// the nidjor. The [ion -major courses may have stayed in memor\\ 
hardly registered, or been immediately forgotten — but in any event they were 
monuments glimpsed at a distance, not places lived in, not integral parts of the 
jou rne\' into the discipline. 
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Making Knowledge About 
Knowledge in Motion 



W lial I planned wIkmi I Marled luy (k-ldwork was owr-anihilious. I was going 
lo cariA- out an cllinogra[)liy ot four programs ai a major uni\XMsiiy. I analyzed 
catalog icqiiircmcnls and cniolmcnl slalislics lo select iwo academic' fields 
thai seemed lo lia\e a graduate emphasis (physics and sociology), and two 
that seemed to ha\e an applied' undergraduate em['>hasis (management and 
secondary science eciucalion). The [')rograms were also selected to pi'oduce 
dimensions ol some substantive comparison: physics and science education 
both dealing with science" issues, management and sociology with human 
.social beha\ ioui ' issues. 

1 h()['>ecl that .studying programs with such contrasting .structures would 
allow me to sa\ something about how cuiricula — the .sec[uences ol courses 
retiuirecl tor a degree — shaped .student leaining 

I began by approaching the DcMns of the four collegers concerned to gain 
their peiini.^sion for the .study, then 1 met with clepailment chairs lo gel theii" 
OKs. All were open lo letting me approach laculty in their departments. M\ 
goal was lo inteiA'iew all faculty who d taught undergraduate coui.ses in ihe 
preceding year. This meant almo.st all ot the sociology and seconclaiA' science 
education taculty. about halt' of the management piofe.ssors. and a reiali\ely 
siiial! number of [ihy.sics taculty. Howe\'ei-. some leaching assignments weie 
unhlled until just betore the beginning of the seme.stei" (e.g., for the introduc- 
tory courses in sociology and management ) and iti othei" cases teaching a.ssign- 
menls were changed at fairly late dales ( in physics and .sociology). In addition 
lo this, many taculty sim[')ly were not on campus oi- a\'a liable before the be- 
ginning of the tall .semester. l*or such leasons. the pioce.ss of introducing 
m\ self to taculu arul making arrangements lo inter\ iew them continued into 
micl-( )ctobei 

I'inding and talking lo the laculiy I could identity wasn't all that ea.sy. 
Many clicln t po.si oflkc hours, woulcint return calls, and didn't show up when 
their secrelaries expetted VC'hen I walked into .sociology and physics ottice 
aieas clres.sc'd m a siiii I was taken as a textbook .salesman, but it I ventured 
aiound (he business school in anything less tormal 1 was looked at askance as 
an uncouth .student As it turned out, mo.st of the tat ults . once I tound them, 
were \ ei\ giacious (the except tons wx're physics taculty. .some of whom were 
as cuit to ine as to their students). I tried to meet them first to get a coj'jy ot 



tlu* svll.ilniso.s tor Uicir LMKli.'i\ur:iduato <.t mist's, to s^i up jn iniciA icw al a laior 
il.ilr. .iikI to i;ct ptMiuis.sion it» ohsci^X' (.ia.sst'.s. 

( )nl\" OIK' lac Lilty nu'iuIxT (.Icciint'ci to i)c intcivicuxxl on tape, aiui even 
In* was willmi; to speak inlomiallv. The inter\n.'\vs aveiav^etl al)out minutes 
in leii^tli aiul tiK'iised niainl\ on tiiiee aieas- iA) instiuetois' views ol the 
t^oals ol the ^.iepartinents. tl)e pla<.e ol tiieir eoiirseN in th^.' depamnent, aiul llie 
eiiaraelenstus ol the depanmenl tluit inllueiKed how the\ tau.ulit: d)) wiiat 
their ,uoals were for tiie courses in (jueslion, liow tliey taut^lu lliem. why ilK'y 
selected the jxntieulai texts tiie\ used, wiiat kinds ol students tliey liad. liow 
they e\alnat<.'d students, and so lortii; aiul (e) then own research interests, 
colle^^ial ties, ajid status in tlie de[')artnient 'l ite questions aliout course ^oals 
and activities usually louised on statements and assi,unments on the syllalnis 
I iiad a list of questions which I used lo remind myseil of issues I wanted to 
talk about. 1 did not worry ai)out j>reser\in^ tile exact worciint; ol tiie ques- 
tions or an\ paiticuiar order. 'I'iius tlu* interviews, especiaiiy tiie sections deal 
in^ witli the syilal)uses, were reiativciy unstructured, i did a total ol n inteiviews 
with laculty (twelve in manatienient. nine in [')hysics, c'l.uhteen in sociol(\uy, 
and six in echic ati( )n ). 

I did atteinj)t to compare the s\llal)uscs 1 collected to those used in the 
same dep.iitmeiits at otlic'r uiii\ersiiK's with siiiiil.ir national rankiii.us I hou,uht 
v .italot^s Irom the collc\ues and wrote lo department heads to trv to ariant^e lor 
lliein to send me topics ol s\ IKilnisc's, but the- response was so uneven i had 
to ai^and< m the ellort 

Talking to Students 

( icltini^ ac t c'ss u > students was easu'i m s( >ine w j\ s, but s.nupliiit;' the student 
bocK was haidei The adviser in the pli\ sk s department hel|')ed me >^et names 
and pli(»ne iiuiiibers ol plivsus students Ilu' adviseis .it the Inismess school, 
on liic- olliei hand. t( >ld me th.it although names o[ majois and phone numbers 
weie piiblu inloi iiiatioii. and thus legally accessible to me. students i^auUL \\ 
liie\ wished, make such inloriiiation restricted Well. I said, don I i»ivc' me 
lliosc' Ah. llic'N lepliecl. we don t know which ones mi^ht have made such a 
ie(iiie^t . t liev le w M llav^i^ecl ( >n the < < unpiitei . s( i we taut .ui\ e \ ou .iny n<iiiies 
lest one ol the lestiutc^l ones slips through In sociology and cckKaUon tlieie 
weien t even an\ adviseis t( > ajiproat li 'T( > obtain lists ol students m the U uii 
iiia|( >rs from the t eiilial olfu e w ould ie(|uiie so I \ .is told - - sjic'cial jiio 
v;iaiiimin,u 'nid this m tiiiii woukl cost nionev ai. . letjmie cTiboiate time 
uinsummt; tlelay^ and nei^otiatn nis ) 

hi mana.ueiiieiit. so^iolo^v .md edutalK'ii. then. 1 simply t one eiitrated on 
alleiidin.u ^ lasses ( c < unses tlia' all iiiajois m the piot»i.mi w oiild In* leqinied tr > 
take, not ekHti\< si. .iml (in manai^eiiieiit > student ass< k i,itioii meetings 1 ^(^t 
to know .incl t.ilk to stiulents inloimallv. and a lew weeks into the seiiiester 1 
siiiveved students m all o| the classes I s.it in on The sui\e\s hh huled a 
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wrillcn sialemeni describing ihe project and were distributed with a sales pitch 
designed to interest students in being inteiTiewed. Students who wanted to 
pailicipate were asked to sign and provide a plione number at the l-jottom of 
the suj-Ney forni. From lv)th groups I'd try to recruit students for tonnal inter- 
views Again, the sample" isn t representative or rand(Mii, the students are 
analysts whose perspectives are points of entn in the explication ol their 
p/rograms (Smith. l^S'') 

In selecting students for formal inten iews I concentrated on seniors t(^r a 
couple of reasons. First, 1 wanted lo be able to talk with them about their 
academic careers in their programs. Second, I discovered that in management 
and sociology , at least, few students declared" the major bef(^re their .senior 
vear. \n fact, the onlv program with si/.eable enrolments at the freshman and 
sophomore level was physics, and there I did obseive a .sophomore class and 
inieivicw .second-\ear .students. I intciAiewed eighteen .sociology students, 
eighteen in secondan" .science education, fourteen in management, and eight- 
een in i^hysics (eleven .seni(Ms. seven sophomores). Th'\s^ of course, does not 
uuludc the regular informal conversations that I had with students in each oi 
the majors. The formal student inleiviews were, like the faculix" inieiviews. 
loo.scly struciured and open-ended, though i h.id a fairly ekiboraie .set ol 
questions. They .iver.iged between n minutes and one hour in length. 



Cla.ssrcK>ni Observations 

The problem of how to examine what .iclualK went on in the courses ot the 
ni;t}or.s — how curriculum was enacted — was a diflkull one. Vhe common 
practice in research on college cla.ssrooms has been to use techniques and 
methods modelled on tho.sc developed for research on public .school clas.s- 
rooms (e.g.. Kllner and barnes, 1^)S.-^). The basic though usually unacknow- 
ledged as.sumption behind these approaches is that the clas.sroom can be treated 
as a .self-contained unit of activity that can be meaningfully .maly/ed in terms 
ot what teacher beh.iviours .seem connected to what student outcomes'. Hut 
ot course siudenls' interpretive strategies shape their resjM)nses lo the demands 
Ol tasks of the teacher. V.oreover. ke\ activities such as note-taking, textbook 
reading, studying tor tesi.s. paper writing, homework problem-solving, and so 
tortlK take place outside the cla.ssroom The kinds of detailed obscr\'alion 
notes that 1 was accusioiued to taking in high .school .md junior high cl.is.s- 
looms (\erlvatim accounts (^f speech, running sometimes to almost tO pages 
long tor a "^O minute class) weie of limited u.se in studying the lectures and 
prcsent.iti<»ns ihat charat teri/e most cl.i.ssiocMns .it the universit\ (or tor that 
m.itiei. discussions in the occ.isional seminar clas.ses). 

I made dose obsei\ .ilions ot some l()(» odd ( lass sessions, in .iddilion to 
regulai obsci-\.itions ol student j^roblem-s( »1\ ing sessions ( e.sj>eciall\ common 
in plnsKs). .md ot siudent smd\ outside the cl.is.sroom <e g . gioup work in 
CISC an.ilvsis in business) This was in .uklition to my daily note-taking and 
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()l).scr\:Ui()n ot suidcnis in libraries, campus iiK^ciin^ j')hKL*s, sludcnl associ- 
atitHis. and so tbiih. 

'!)'{{ nsc ript A ?ialysis 

1 analyzed cof^ics of 22 S iranscri[")ls rc[")ivsciiliiig all of ihc siLKii^'iils who'd 
gradualcd with degrees in ihc four fields over ihe most recent yeai* tor which 
records were a\'ailahle (gelling access lo ihese records — even wiih ihe names 
removed — look aboul six inonlhs of negoliaiion). The analysis focused on 
ihe numlx'r of issues: ihe nuinl^er ot lunirs lakeii and semeslers allended. ihe* 
number of hours laken in ihe major field and ouiside il. ihe number of hours 
iranst'erred from i)lher insiilulii)n>.. grades made in and ouiside ihe major, ihe 
kinds of eleclives laken l^y siudenis in ihc ditterenl majors and ihe sec|uence 
and liming in which ihey weie laken, and so foiih. 

What Happened to Sociology and Secondary 
Science Education? 

riie book deals wilh physics and management alone. There were some j') rag- 
malic reasons toi" lliis exclusion (lenglh being an obvious one) bul ihe basic 
{problem wiih iiU"or]")oi'ating sociology and secoiidan' science educalion inio 
ihe account is tliai tliey're ditfereni kinds of educ ational ex[')erieiices, dillereni 
kinds of sioiies. Physics and managemenl weie progiams that seemed to 
generate grouj) eftecls by moving siudenis through shared material and re[v 
reseniational oigani/aii( >ns ot s])ace-linK'. Sociology and secondaiy science 
education were sj")reacl out across the campus, had no icgular temporal organ- 
i/alion. and no group e ffects. 

As I had iniliallv surmised, giaduate education was the main tocus of 
leaching in sociology. I had assunied. however, that as in my own ex]X*nence 
in anthropology, the undergraduate piogiam pcrtormed ihe role of socializing 
and recruiting siuderits into a graduate' school oiicntation in theii" field. 'I'his 
was not the case .\s a j)i()tes.sor explained, the goal ot the department was: 

"^ raining graduate students who will then make a name for themscKes 
wliuii will build uj) the repiilation ol the dcpailment here and benefil 
e\cryi)ocU who's in it. Ii's not lo teach undergraduates. 

The lasi sentence in this statement must be cjuahtied .slightly: it it was noi 
imj)ortani lo leach undergiaduatcs sociology, it was impoilant lo ha\'e a lol of 
studenls in undergraduate sociology couises. Mrst, to enter the graduate j^ro- 
giam in sociologv at this, as at many universities, oik* did not need an under 
giaduate degiee in sociology Thus the undergiaduaie program did not tunc lion 
as :i reuniting ground tor the graduate j^rogram. as was iIk' case* in plivsics 
Second, souology was tundmg poor relative to the sciences and lhc» business 
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.school, moaning that il could nol rely on outside funding as the principal 
support for its graduate program. Third, the rules and course load formulas' 
regulating teaching assigninents and the allocaiion of teaching assisiantships 
made large courses desirable in sociology. Without going into details, the 
formula.s created a situation in which the larger the courses a profe,ssor taught, 
the fewer courses he or she had to teach, and the greater the number of 
graduate leaching assisiantships allotted to the depailment. Hiese a,ssi,stanlshii)s 
suppoiled the graduate program in the absence of large and steady sources ot 
outside funding. 

Tliese factors created pressures for couises tliat attracted large enrolments 
and worked against a seciuencing of courses structured by prerequisites. Aside 
from the four completely determined courses required of majors, the majority 
of sociology course offering.^ dealt with topical, high-interest issues (e.g., nuclear 
war) or areiis of perennial interest (e.g.. sex roies) As one professor explained, 
'marketing' was part of the logic' foi such curricular decisions: 

If you have under social [problems' a course on say, racism, .sexism, 
violence, any number of things, chatues are you're going to aUract 
more people overall than if you have one or two sections on 'social 
prcjblems' m general. 

Il would be misleading i'.> sa\ that lhe.se courses were offered because 
they attracted large enrolments. The courses represented areas of genuine 
concern to the facults" who taught them — but it was the need for enrolments 
tiial created the opening for faculty to |)ursue these concerns. Thus sociology 
taoilty had given little thought to the undergraduate curriculum beyond their 
own courses, as can be .seen in the following exchange 

[.Xcspor. Theie are four required courses in the undergraduate curric- 
ulum . . W hy four, w hy tho.se four?| 

A .sacred sociological number llaughsf . Well it .seems to me like, 
ah. let me sav 1 have not done a lot ot con.sci()US reilection on the 
undergraduate sociolog\ curriculum. . 1 suppo.se pail ol il i.s career 
lraiector\ That's something that I've been able lo avoid, and 1 have to 
avoid a lot of things in order to make it in the academic wodd. 

W hile .ilomi/ing the courses and denying any neces.saiy connection among 
them (let alone a cumulative eftect on students), the curricular structure was 
A maikeling device, a way of generating undergnidiiate enrolmenls to help 
sLippoil the griduale program. Students majoring in sociology, tor their pail, 
used tiie commodilN being marketed to their own ends obtaining a degree. 

I ndeigiaduate souologx wasn't lealK a pKigiaiu' It was a set ot Kjosc 
lecjuiiements (21 hours in .sociology, without prere(|uisite re(|uirements) that 
atliaded Miidents who'd leli other programs In the tian.scripl analysis, tor 
example, 1 tound (hat r per cent ot the students who'd giadu.Ued with P»As 
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ill SOCK )l().uy luid cnU'a^l iIk' f;n)gr:mi mIUm" fliuikiiig out oI iIk' hii.sini.*s.s school. 
I ■|Kk'rui;ulua!c sot'iol()i»y coui.scs v\ civ iiol oig;ii\i/A\l it\lo a sctjuciHc or iicl- 
work lied logcilKT in a inaU'iial organi/.alion ot spacc-tiiiK'. Instead, llicy wcix' 
coii.sUiRtcd lo allael laigt.' niiinl)t.'rs oi" .stiulcm.s, wliitli in luin generated 
asMstan{.slii|")s tor graduate students and ret.kn.ed tlu' tt.'at.liing loads of the 
("aeuily. It was tlie graduate program (which rated in the U)p twenty nali(;nally, 
see Jones, Lint.i/cy and (loggcshall, I9S2) that taculty were conceinet.1 ai)out. 
The undeigradualc ^.oursi's wi'rc cash -cows suppoiling it. Only one of the 
eighteen students inajoring" in sociology 1 inlen ic'wwl was thinking ol con- 
tuuiing to graduate school in the field. The others weie going into the woikfoicc' 
\i\M)n gravluation and had ended up in sociology bc'cause it had the lowest 
nuniher oi recjuircnients and it allowed them to gc't a degree in some area 
rather than leaving school without a clegiee. 

Like soc iology, secondary sc ience education didn i Tunc lion as a piogiam' 
in llie way management and pinsics did Sc'(ondary scic'nce education faculty 
iniended their program to pre|')are siudents for the work|')lacc\ teaching s[X'- 
c'il'ic fields ot' science at the seconclaiA' level. The science education program 
was distinctive, however, in its de|">endeiice on other departments and colleges 
ol the universitv — in particular those' in the natural sciences. I-irst, tiie major 
diew its students horn these lields: stuck'nts who had initially intended to 
major in a science or engineering field, and had later decided to teach. 1'he 
science departmeiHs also clecick'd what kiiv.l of science courses students should 
lake, and taught the course's as well .\s a result, ihc're was a lot of variability 
ac ross disci|">lines At one eMicme. sc'Ct)ndar\" science suidents getting certified 
in l)iolog\ had to take li) total houis in biology (in courses ol their choice*), 
while at llie otliei extic'iiu'. stuelerits gc'lting ceilified in chemistry had lo take 
J.^) hours in chemistry (all of iIk'Hi sj)c'eific'cl by the chemistry depailmenl and 
2.^ of them scciuenced by pierc'(juisiic's) .md six additional hours in .science 
\oi suipiisingly. l()()t llie recent graduates whose transc'ripts I examined had 
biologv as their main concentration while only one spc'c iali/ed in chemistry. 

Lacking control ovc"rtlic'ii students' sc ic'iicc c urricula. the education tacults" 
geneialK expic'ssc'd dissalisfaction w ith it Vs one se'( ondary sc ience ediuation 
t.Kulu memhei explained 

I tvpicalK give them Ithe stndentsl a j-nc'-test when wc' first start, to 
find out what tluai undeistanding of fundamc^nlal coiuc"|')ts or basic 
ccnuepts IS Lor instance', this semester not one' of those' studc'nls. 
even though they got ovei i) average in llie'ii science course's, with 
almost (){) semester hoiiis m scieaice, not one ol them could define 
inole< ule in an acc ui.ite wav Not one could opeiationally define tem 
peiatuie It v\as a vei\ small j^ei cent that could define \olume None 
ol iheiH 1 shonldri t sa\ none- but it s laic' that anv o! iheiii base 
anv notion at all about the natuie' ol science, in terms ol the natuie 
of sc ic'iitific law s Ol (hc'ories or how (hey are' cNolvc'd Thev sc had 
pi ac iK allv no prepaiation in terms of any kinds o| thinking skills like 

/SO 
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iliauin.u iiik'R-iu<.-s Iroin diif.i ..nd iIk- jMoc esses involved Our sciencv 
courses M ilK- uiiiversitv- level ,usi don i do uinilunji for iheiu. ;ii least 
Mol those kinds of things. . . Thev- realU do need a difterenl kind ol 
stiente than wiial the\- ie getting, heeause the kind of scieiue tliev 'ie 
gelling isn't helping thetn to teadi kids at all 

One tat ultv explanation tor this was that teaeher preparation is not one 
ot llieir prioruies in the natural scieiues ' Another eX|ilanali()n. houexer, emerges 
Ironi the transtript analysis of students who graduated over a thiee senies- 
ler peiiotl I he iranseripts shoxx- thai most of the seieiue eourses students look 
were introdueloiv sc ience courses. \W iiiin .ducK .n ' 1 mean a course that 
ac-iualK seives as'the firsi in the ma|or (has the lowest course number, ivciuires 
no prereciiiisitest or a lower-dix ision eourse that reciuires no prereMUisiles and 
IS designed for the general, non-science student (e.g., iVnanv for Gardeners ). 
I smg ihis definition, Ht per cent of the phvsical science coursexxork ot stu- 
dents coneentraiing m physical science was mtroducioiy, td per cent <>t ihe 
hiologx coursexxork of students concentrating in hiologx was mtroducton , 
and 'tl per cent of tlie eanh science couisexxork of students getting science 
speciali/.ations xvas iniroduelorx 

What these numbers suggest, and as xxas borne out in inieniexxs with 
students, the- curriculum merelx- set numerical lexvN of course taking to deline 
acceptable ex|iosure to a field. Students seleelivelx- sampled from the fields m 
order to acecumulate the needed hours in the easiest manner possilile Thex' 
did not panuip.ile in the student cultures of the science fields nor did thex 
construct images of the fields as intellectual domains: bv focusing mamlv on 
introductorx and loxx er-level courses (designed bv the science facultx- either a.s 
eniolment generators <„ as xxeed-ouf courses, and m both < a.ses organized 
around ihe loutim/ed presentation of material and obiective- test formats suc h 
.IS nuiltiple choKV) the students came to look at tfie sciences as disiomted 
aggregations of facts- ( something the students resented thex' referrecf to then 
science courses as scarf and barf courses and complamc-d of their uselessnessi. 

.Mthough the courses m the education portion of the secondary science 
education curriculum xxere sec|uencecl bx piereciuisites, there were no sub- 
stantixe connections across them In pari tins xvas because the curriculum had 
been buffeted bx legislative interventions m the certification standards for 
school teacheis New couises xxere created xxhile other portions ol the curru-- 
ulum xxere truncated The courses that xxere recent, state-mandated ackliuons 
to the curruulum xxere not xvell-mtegr.ited xxilh the other education courses. 
< )ne lor example, tiled to address such topics as the oigani/.ation of schools . 
legal aspects of sc liooling , ethical .ispectsof schooling , attention to smdenis 
xxith x,irMng needs . and niedur It was, as one facultx member explained, a 
cmbiaition of xaiious K.picsput into one thicv lu.ui couise. .md thex dont 
,H-cessaiilx lit togethei m am meaningful xxav i xc-n ilie nioie established 
coiiises of the cu'iriciilum, such as educational psxchologv xxere. m the xxoids 
,,t on.' instiiKtor. discontinuous xxitli the rest ol the piepaiation program 
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Tlu' .shaivd piogranimatic cxpcrii-nccs of the sccoikIuit sdencv sfudcnts. 
tlKMi. ivalU- aiiioLimcd lo two coLir.scs (Strcondaiy Scliool 'IVadiing and Scc- 
ondaiy SciciKV Mctliods) and MLidcnl icacliiiig — not really a program' in the 
sense I ve been using in iliis l^ook. Thus, as I ve suggested'earlier in this book 
and elsewhere (Nespor. 19901)) physics and management reflected kinds of 
disciplinar\- educations — the niownient of students into networks of power 
— not p()sl-secondar>- education generally. Each student graduating from so- 
ciologN- and secondan- science education had a unique rather than a shared 
lra)ector%- through the space-lime of the university: the stories of those students 
are important stories, but they're not the ones I'm telling here. 



Making Knowledge about Knowledge in Motion 

I cannot conclude w ithout acknowledging the tension between the theoretical 
ati.bilions of this book and the practices of research and writing that created it. 

c:on.sider the inlen iew mateiial I draw upon in the book! Standard inter- 
viewing practice focu.ses di.scussion on the researcher s topics and. insofar as 
iho.se topics are drawn from the academic literature, transforms the inteiviewee 
inlo^a commentatoi on the categories of the di.sciplinaiy discour.se (Smith. 

>. [kit intei^iews do more than sliape content. Fir.st. thev 'foreshorten 
lniie(Ro.se. 19^-. p lo. In.stead ( .f expeiiencing the rhythm aiTd'improN i.satoi^ 
nature ol an event wc are provided with a map of it as alreadv completed 
(Homdieu. 19-'^) Second, inteiviews reif> the individual- as a .s( )urce of know- 
ledge W e hear acu>unts constructed from the peispcctivc of a single, .secm- 
mgh independent .source (ignoring t)ur own role as inleilocutor). Third, 
inteiviews produce accounts that are -referential- ( imambiguousK- indicating 
l^eople or things m the real world') and de\oid of tone or expres.sive ()r 
creative features (l^riggs. 1980. pp. 11(>-I9). hi short, as briggs (19M()) argues, 
interviewing produces an 'initial clecontextuali/.ation of the data even before 
we begin the analysis- (p 1 IS). Cioding- and the other standard components 
of intenicw analysis furthei decontextuali/e speech until its spatial and tem- 
[>oral groundings are no longer visible: 

Standard .sociological analysis uses some metliod of coding and inter- 
pielmg such accounts to order the inteniew materials iii relation to 
the relevances of the .sociological., discourses. These enable the 
inleiMcws to be sorted into to[Mcs typical ot the .study [population. In 
such a process, the siand[Poini ot the women |or men] themselves is 
supiMcssc'd. The standpoint becomes that of the discourse rellecting 
iifvui (Mopeities of the stiuty p<^pulation c;harac terisiic s of the stuck 
jpopulation become the object ut the kiuiwers g.i/c (Sniith. p hsji 

Our inellioclologies dec onlextiiali/e [Mailice to produce data they sup 
piess Us tem[>(Mal and spatial organiAition and ignore the space-time organ 
i/ation ot the re.searc hei s practice that |>roduces the analytic account (m\ 



Mahin^ Kfioivled^e About Knotrlcd^e in Motion 



pivoccLipaiion w ilh academic work is just one example of wliat Siiiilli calls the 
sectioning out* of experience hy research practices). Our practices of lepre- 
sentation produce the object of knowledge as a spatially hoimded and self- 
contained entilN'. eiilier static or iinfoldijig regularK ihroiigh time. 

I do not pretend to ha\e overcome these difficulties. My inteniev s. for 
example, tended to suppress the expressiv e and poetic features of discouise. 
My questions focused i)rimaril\' on the \\()rk of schooling: choosin^^ majors, 
selecting courses, doing assignmenis, and so forth. They didn't allow students 
to construct themselves as, say, emotional' selves. My ohsenations were of 
academic e\enis and social activities on the imixersity campus and don't e\en 
touch upon life off campus, at work, during the summers, and so forth. 

The hook, then, is a \er\- partial stor\-. The basic stratcgx" that underlies 
its tonstiLiction flows from Kosaldo's ( 1989) suggestion that the accoimts of 
people be treated not as 'data' to he 'analyzed in terms of a disciplinaiy dis- 
course, but as informed ana Uses in their own light (Rosaldo, 1989, p. \ \1\ cf. 
(Avaltney, 1980) 

Treating inteniew disci )urse as "analysis' means thinking of it as a situated 
account in which the speaker cieates the objects' di.scussed in inteiaction with 
the inteniewei". Naiiatixes are a re(')iesentational technology (. Nespor and 
Hanlske, 199n that speakers use to constitute and ex|')licate phenomena in 
the inten iew coiitext, not referential accounts that can be 'coded' or reduced 
to categories that allow one sj'jeaker to be combined with others. In essence, 
I ga\e uj") some of the mobility, stability. ,ind conibinabilitx' of the inteniew 
disctKirsc b\ rej'jroducing it in lengthy, lelatixely immobile chunks that are 
unstable (in th.e scMise that they allow alteiiiatiNC explications), and mix poorK 
because the\ are uncoded. 

The book is not about students' oi- student life, but ciiriiculum and the 
organization of clisciplinan' knowledge in undergraduate education. The stu- 
dents were co-analysts, not objects of analysis, in the sense that while the text 
is ultimately m\' doing, the words and \'oices inscribed here are not entirely my 
own. There's a difference between weaving a!id cjiiilting. I could not follow 
students across the four (or more) years of their .studies, or duplicate their 
journeys, but I could draw on ^/u'/r accounts (^f these things. As (Clifford ( 1988) 
points out. this is not a stiaightfon\aid solutK)n: using lengthx cjuotations 
at com[)lishes little if quotations are always staged by the c|Uoter and tend 
merely to scne as examples or confirming testimony' (p. ^1). M\" goal has 
been to make the cjUotLitions carr\- the burden of exj'Jlicalion. Hut treating 
students' comments as analyses means reconciling ourselves to a text that 
doesn't resobc' into parsinunnous c'xplanalions or interpretations. As Ro.saldo 
I b)K9) suggi'sls 

\arialive anahscs told oi wiittcMi fiom cli\ergeiit peispecti\rs will 
not 111 together into a unified ma.ster summation . . ^ocial analysis 
thus becomes a lelalional foriii of understanding in whicii both paities 
acti\c'l\ cMigagc 111 (he interpretation of cultures' Rather than being 
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pcrspcclival. inscribed from wiihin a single point ot" view, sueh tbnn.s 
ol" human iindcrsianding involve the irreducible percept ions of both 
analysts luid iheir subjects. Much as two narratives usually do not map 
neatK onto one another, one paiiy s analysis can only nirely be re- 
tluced lo the terms of the other (pp. I P-S; 206-20). 

"Hiis non-reductionist approach goes against the expectation — not jusi 
oui ow n. but that of publishers, journal edit(MS and most readers — that the 
multiple perspectives explored in a work will in the conclusion be reduced lo 
one single account- that the author will explain 'what it all means*. Such ex- 
(Xvtations. again, are grounded in the spatio-temporal practices of social re- 
search that seek to inscribe, reduce, and mobilize the world in interpretations 
and explanations that allow actors at the center of a cycle of accumulation to 
speak for tho.se elements of the world. As Smith (198") puts it: 

The multiple perspectives of subjects, the multiple possil^le versions 
of the world arising m subjects' experience, create a problem tor 
sociology only when (Uir project is to establish a .sociological version 
superseding theirs, h is a difficulty that ari.ses largely from grounding 
sociologv in meaning', mtei-pretalion'. "common understandings* and 
the like rather than in an ongoing coordeiing of actual activities ac~ 
tomphshed in dehnite historical settings (p. I tl) 

As nuuh as 1 resist it, I m a creature of this way of reducing the world, as 
are all of us who write books. The best I can do with this text is iiy to position 
m\ self not as a translator ot the ,>eople I studied, but as someone w ho traces 
and explicates the material and lepresentalional productions ot space and time 
that link people to other people and things be\ond their arenas of lace-to~tace 
inierattion \K arguments tlo not siibsumc tho.se of others. Rather, Tve tried 
to situate their anaKses. not interi'jret or explain them 

Aside from an une\enness in tone, which I A c tried to minimi/e, this use 
ot the siiRlenls" comments ma\ iinite the complaint that the book is o\er- 
reliant on snKk-nts" naive' accc)unts of their ex[XMience. But naivete.' like 
irrationaliiv". is less a thing than an accu.sation (Latour, It .seems to me 

absuixi to sviggest that I know more about licing a physics student than the 
students do knowledge is no less local' than theirs: we simj^K build our 
neiwoiks ot ditteient shapes with different materials. They build their accounts 
thiough (uigning panitipation in the programs. 1 buikl m\ accounts in j^an out 
(>l theii .ittounts Hut this tloes not make m\- ideas moie general' in .some 
sense 

\o kind o| w<iik IS }Ui)}\' louil than an\ oiliei unless w has been 
(<MH}ueietl . and toixed to \ ield a tiace Then it can be worked on 
/// Us (ilxi'HiC An .Vtiitan hunter who c o\ers tlo/ens ot scjuare miles 
and who has learned to iec<»gni/e hundreds of thousands o{ signs and 
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niark.s i> called a local' But a canographcr who ha.s learned lo re- 
cognize a feir hundred signs and indices while leaning over a few 
square vards t^l' maps and aeiial photographs is said to be more iini- 
versai liian ihe luinier and lo have a global vision. Which one would 
i)e more losi in the territon of the other':' I'nless we follow the long 
•hisioiy lhat has turned the lumter into a slave and the mapniaker into 
a master, we can have nt) answer to this tjiiestion. There is no patli- 
way betwceii liie local and the global because there /.% no gioixil 
(Luour. IWS. pp 2b;-2()) 

No global', no unifving narrative or persp^^'Ctive What we re lett witli is 
paiiiwavs and networks, and the task of figiinng how jX'ople g^-t started 
dowii a pailicular route antl what hai-jpens lo ihem as thev traverse it. 
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Knowledge, Identity and School Life Se^ies^ 2 

Knowledge in Motion: Space, Time and 
Curriculum in Undergraduate Physics and 

Management 

Jan Nespor 

Knowledge in Motion is an ethnographic study of two university programs 
where education and power come together in crucial ways: physics and 
management. Knowledge in Motion takes these fields as points of entry into 
an investigation of how students get connected to core disciplines of modem 
society, and how they become part of durable and extensive networks of 
power. 

In place of the traditional psychological focus on knowledge structures within 
individual minds, the book focuses on leaming and knowledge as 
organizations of activity in space and time. The language for pursuing this 
line of analysis is developed in an introductory chapter. The main body of the 
text presents ethnographic analyses of student knowledge practices in the 
physics and management programs. Both programs are shown to reconfigure 
students* spatial and temporal practices to connect them to the respective 
disciplines. However, there are radical differences in how these 
reconfigurations are accomplished by the programs. By showing how 
students become enrolled as practitioners in networks of power and 
knowledge, the book makes a substantive contribution to the study of 
knowledge/power relationships. By analyzing leaming and curriculum as 
processes of producing spatial and temporal structures and relationships, the 
book also makes a theoretical contribution to educational studies generally. 

Jan Nespor is an Associate Professor in the Department of Curriculum and instruction 
at Virginia Polytechnic Institute and State University, where he has been since 1987. In 
1986-87 he was a Spenser Fellow of the National Academy of Education. From 1979 to 
1985 he worked as an ethnographer on a series of Federally funded educational 
research projects. The focu? of his woric is the anthropological study of the politics and 
practices of knowledge. He has conducted ethnographic fieldwori^ In various community 
settings and in school settings ranging from elementary to post-secondary institutions. 
He has publisiied in Han/ard Educational Review, Journal of Education, Anthropology 
and Education Quarterly. Journal of Cunlculum Studies, and elsewhere. 
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